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A MESSAGE FROM YOUR PRESIDENT 


H. VERNON PRICE 
Iowa City, Iowa 


The Central Association has a long record of achievement, made 
possible by the contributions of an ever-changing group of loyal mem- 
bers and supporters. According to the Fiftieth Anniversary Volume™, 
“The influence of the Association has been quite out of proportion to 
its size. This is probably true for two reasons. The members have been 
unusually influential because they were among the more progressive 
and alert of the profession. The Journal, reporting the programs, has 
been read by a much larger group of teachers than attend the pro- 
grams or maintain membership.” No organization, however, can af- 
ford to rest on its laurels. Men come and go, and a continual proces- 
sion of new members must be recruited in order that we may hold 
high the torch of progress. 

But, you may ask, where are these youngsters whose future lies 
before them and whose talents we seek? Some of them are teaching in 
your school and in mine, some may be students in our classes, and it 
is our responsibility—yours and mine—to develop their interest not 
only in science and mathematics but in Central Association as well. 

One of the most inspiring and unforgettable experiences in the pro- 
fessional life of a teacher is his first national convention. For those of 
you who have been fortunate enough to attend the conventions of 
Central Association, the following description, again from the Fiftieth 
Anniversary Volume, will seem like your own words: “The history of 
Central Association of Science and Mathematics Teachers has, in- 


*“A Half Century of Science and Mathematics Teaching,"’ Central Association of Science and Mathematics 
Teachers, Inc., 1950. p. 14 
Copies of this excellent publication may be secured by writing to our Business Manager, Ray C Soliday, 


Box 408, Oak Park, Illinois 
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deed, been an inspiring one educationally,. . .; but the cement which 
has made its texture doubly strong has been the fine spirit of friendship 
and cooperation that has increased and broadened with ‘he years, 
One sees old friends from near and far greet each othe: across the 
lobby of the convention hotel. Newcomers are quickly drawn into 
friendly groups and encouraged to feel a personal interest in all the 
activities. No barriers have been permitted to hinder the interchange 
of good fellowship which prevails. This fellowship pays dividends in 
Association strength.” T 

It should be obvious, then, that we have two powerful magnets 
which will draw new members into the fold. The first of these is the 
Journal, a copy of which you are now reading. Any teacher interested 
in Science and Mathematics will find an abundance of up-to-date 
material within its covers and it is my hope that those of you who own 
copies will be generous in lending them to others who might be in- 
terested. Perhaps some of these people will be inspired to send our 
Editor, Dr. Glen W. Warner, an article or two of their own. 

The second magnet is the annual convention. The 1954 version will 
be held at the Conrad Hilton Hotel in Chicago during the customary 
Thansgiving week-end and Dr. Milton O. Pella, our Vice-President- 
in-charge-of-the-program, promises us another list of excellent speak- 
ers. Any non-member who comes within range of this magnet is al- 
most sure to lose his amateur status. 

The issue, then, is quite clear. Each of us should consider himself 
a committee of one with the sworn duty of lending a helping hand to 
new teachers of Science and Mathematics. The recommended pro- 
cedure is as follows: First, encourage these neophytes to read your 
copy of the Journal (be sure it is returned) ; secondly, maneuver them 
into attending the annual convention; and finally, browbeat them in- 
to contributing their talents to both. If this formula is followed, the 
future of CASMT is secure. 


t Ibid., p. 15. 


FUNDS FOR SCHOOL CONSTRUCTION 

Additional Federal funds totaling $7,800,389 have been reserved by the Office 
of Education, Department of Health, Education, and Welfare, for school con- 
struction projects in ‘“federally-affected’”’ defense areas, S. M. Brownell, Com- 
missioner of Education, announced today. 

The funds will be used to help 37 local school districts in 14 States provide the 
necessary classroom accommodations for their increased enrollment because ot 
nearby Federal installations. The States scheduled to receive the funds are: 
California, Georgia, Illinois, Kansas, Maine, Massachusetts, Nebraska, New 
Jersey, New Mexico, Nevada, Ohio, Oklahoma, Texas, and Washington. 

These additional funds bring to more than 15 million the total amount re- 
served to date under provisions of P.L. 246, authorized by the 83d Congress. 





WHAT’S NEW IN THE TEACHING 
OF BIOLOGY* 


ROBERT A. BULLINGTON 
Biology Department, Northern Illinois State Teachers College, De Kalb, Illinois 


It seems presumptuous and somewhat futile for one teacher to look 
out from his own little niche in the academic world, to survey the 
field, and then to make a scholarly pronouncement of new develop- 
ments. His horizon is limited, and he undoubtedly may miss many 
significant things. Furthermore, what he views and thinks is new may 
merely have been unnoticed by him previously. 

To really discover what is being done by the biology teachers of 
the nation requires an extensive study—one on the order of a doctoral 
dissertation. Such a study was conducted in 1949-50 by Martin and 
has been published by the U. S. Office of Education under the title 
“The Teaching of General Biology in the Public High Schools of the 
United States.”’ This study should have great significance to the 
teachers of biology in the secondary schools. Every teacher should 
read it. 

The brightest sign of the times is that biology teachers everywhere 
are striving to improve their courses. They are experimenting with 
course content, techniques, and materials. Then they are telling the 
world about their experiences. The several professional journals that 
reach biology teachers are filled with teacher-prepared articles that 
indicate a keen interest in professional growth. 

Within the limitations of the time allotted for this paper, there can 
be only a summarization of the recent developments that seem the 
most significant. 

1. General education. There is a growing awareness among biology 
teachers that their greatest challenge lies in the preparation of their 
students to meet the problems of life, rather than preparing them for 
college. In a recent report of the National Association of Secondary- 
School Principals, Fitzpatrick emphasized the importance of the ob- 
jectives of general education in biology teaching. He said, ‘In the 
general education approach it is clear that the training of profes- 
sional biologists is not the aim of the secondary-school biology 
course.” He further pointed out that this approach may serve to 
reveal aptitudes and develop interests in those who may later 
specialize in biology. 

2. Science projects. In recent years, science teachers, especially 
* Presented at the Biology Section of the Central Association of Science and Mathematics Teachers, Chicago, 
November 27, 1953 


1 Bulletin of the National Association of Secondary-School Principals, “Science in Secondary Schools Today,” 
Vol. 37, January 1953, page 58. 
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the biologists, have taken the lead in promoting science fairs and 
junior academy exhibits. This movement has been noticeably strong 
in the area served by the Central Association. Many of its members 
are leaders in this activity. Through the projects, interests and talents 
are discovered and developed which frequently lead to careers in 
science. With the increasing demand for scientists, the teacher of 
science is obligated to do all he can to help meet the need. 

3. Teaching aids. The use of audio-visual aids is not new, but there 
seems to be emphasis upon the discovery of better materials and 
methods. More aids are being developed by students and teachers. 
Teachers are reporting new items of equipment and improved meth- 
ods of demonstrating important biological concepts. 

4. New discoveries in science. There is a remarkably rapid assimila- 
tion of new scientific discoveries into course content in biology. 
Teachers are alert to progress in such areas of research as the anti- 
biotics, radioactive elements, cancer, disease prevention, hybridiza- 
tion, and plant hormones. 

5. Cooperation of industry. The interest of industry applies to all 
areas of science teaching. Industrial and commercial concerns are 
taking the lead in promoting searches for science talent and providing 
scholarships for capable students. In recent years these organizations 
have been providing an ever-increasing volume of literature for edu- 
cational use. Hundreds of kinds of these industry-sponsored teaching 
aids have been distributed to thousands of teachers through the 
packet service of the National Science Teachers Association. 

6. Local problems. Biology teachers are taking advantage of the 
educational opportunities offered in various community problems 
and resources. Their students are participating in conservation 
projects, health programs, and other activities of importance to the 
local community. 

7. Socialized procedures. Techniques of cooperative effort are being 
introduced by many biology teachers. Pupil-teacher planning, com- 
mittee projects, and biology club activities are emphasizing the social 
values of working together. 

8. Ecological viewpoints. Ecology is a connecting thread that is 
running through an increasing number of courses in biology. An 
understanding of the relationship of organisms to their environment 
is the key to the solution of many biological problems. The prin- 
ciples of ecology are the basis of sound conservation practices, and 
conservation is receiving considerable emphasis at present. Of special 
importance is ecology as it applies directly to human beings. 

9. Outdoor education. In no other academic subject is there as 
much reason to take students into the outdoors as there is in biology. 
Certainly a majority of biology teachers have always made some use 
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of the forms of life to be found outside the classroom. The taking of 
fieldtrips is a custom of long standing. 

Recently a new development appeared that offers a marvelous op- 
portunity to the biology teacher. This is school camping. School 
camping has blossomed during the past five years, particularly in 
Michigan. In .that state, many teachers take their classes to some 
camp for an entire school week. Although the groups that go to camp 
have usually been from the upper grades of the elementary school, 
some high school biology classes have gone to camp. This has been 
done in such widely separated states as Washington, Illinois, and 
New York. 

A typical camping program for biology students has been con- 
ducted since 1951 by W. E. R. Hopper of East Alton-Wood River 
Community High School, Wood River, Illinois. Each autumn, Mr. 
Hopper takes about fifty of his students to a camp at Pere Mar- 
quette State Park for a six-day period. Their activities are centered 
about the study of various aspects of conservation, geology of the 
area, nature lore, identification of plants and animals, collection of 
study materials, and individual projects. 

Students, parents, and camp leaders are all enthusiastic about this 
approach to learning. Many desirable outcomes have been reported 
by Mr. Hopper. They include increased enthusiasm for the course, 
better cooperation between students, wider knowledge, new friend- 
ships, and an “‘insight into the intricate web of life.” One girl ex- 
pressed her experience by saying, “‘I felt a nearness to God that I had 
never had before.” 

Camping for biology classes is certain to grow in popularity. It may 
be limited only by the availability of camps and the courage of the 
teachers. 

Except in Michigan there are at present very few suitable camps 
available in the Midwest. A number of colleges are interested in de- 
veloping them, however. In 1954, Northern Illinois State Teachers 
College will open its Lorado Taft Field Campus at Oregon to year- 
round school camping. A comprehensive program of outdoor educa- 
tion is being planned 

The complex details of arranging a week in camp for a biology 
class are too involved for this paper. Some teachers are meeting ob- 
jections and solving difficulties, however, and they are going camp- 
ing. The rewards are manyfold. Where is there a better place to 
study biology than in the outdoors, on a twenty-four hour basis? 

From this brief report of recent developments, one thing is evi- 
dent—high school biology is a living, growing, dynamic subject. 
This is the inevitable result of the interest that teachers have in 
doing new things. 
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LAND LocKEeD ATOMIC SUBMARINE ENGINE 


National Reactor Testing Station, Idaho.—The first atomic submarine engine, 
contained in the land-based submarine hull shown here, was generating power 
when this picture was taken. This nuclear power plant, known as Mark I, is a 
near duplicate of Mark II which will drive the U.S.S. Nautilus. Both power 
plants were built by Westinghouse Electric Corporation under contract with 
the Atomic Energy Commission. This picture was taken inside the main building 
at the submarine thermal reactor test site here. The large sea tank is about 50 
feet in diameter and almost 40 feet high. The hull passes through the tank so 
that the reactor compartment is located within the tank and completely sub- 
merged in water. The tank’s capacity is about 385,0U0 gallons. The Mark I 
power plant, with its associated propulsion equipment, has been assembled in 
this hull in much the same way the Mark II engine is installed in the Nautilus. 
Installation of both atomic engines in the submarine hulls was done by Electric 
Boat Division of General Dynamics Corporation, builder of the Nautilus. 
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STAKING OUT NEW GROUND IN HIGH 
SCHOOL ARITHMETIC 


Jack D. WiLson 
San Francisco State College, San Francisco, California 


INTRODUCTION 


In the past, attempts to popularize courses in arithmetic at the 
high school level have usually failed, partly because instruction 
degenerated into a poorly motivated review of elementary school 
work, partly because business arithmetic received more attention 
than warranted at this level. 

A new approach has recently been considered. Buswell (1, p. 15) 
says, “If a high school course in arithmetic is to be effective, it must 
stake out new ground for itself.”” This new ground, he suggests, 
might be found in a better understanding of the number system and a 
careful systematic study of arithmetical meanings. Specifically, he 
believes that students will understand our own decimal system much 
better after they have had some experience with other number sys- 
tems. 

This new point of view has not been extensively tried out. It may 
not be practicable but it does merit a fair trial. 

There is one important obstacle. Many teachers of ninth and tenth 
grade mathematics have not a very complete formal education in 
mathematics. Hjalmarson (2) found that 70 percent of San Francisco 
ninth and tenth grade mathematics teachers (1950) had neither ma- 
jors or minors in the subject. Magnusson (1948) revealed a like situa- 
tion in his state-wide sampling of California mathematics teachers. 
A recent unofficial report indicated that the city of San Francisco, 
heeding thirty new mathematics teachers in September, 1953, at- 
tracted only seventeen applicants for the qualifying examination. 

Such evidence makes it clear that the new ground in arithmetic 
must be staked out by teachers whose major interest is not mathe- 
matics. So alarming is the present situation that the Mathematical 
Association of America (California Section) unanimously recom- 
mended to teacher education institutions that a// secondary candi- 
dates be required to take a course in arithmetic and the teaching of 
arithmetic. But this is not easy to arrange. Instructors in other areas 
are not likely to be sympathetic since their students already have 
heavy programs of academic studies. 

At San Francisco State College we do have a compulsory general 
education course in mathematics. It covers the kind of material 
needed by the intelligent citizen—elementary statistics, consumer 
credit, the science of chance, budgeting, insurance and taxes—but, 
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in addition, an attempt is made to give our non-mathematics students 
a glimpse of the kind of thing that Dr. Buswell has in mind. Of course, 
in the limited class time available, our decimal system cannot pos- 
sibly be analyzed to the extent needed by non-mathematics students. 
About all that can be done is to present a point of view. 

The following sections describe this point of view somewhat as 
developed by the writer in his classes. As written here, however, it is 
addressed, not to the college student, but to persons interested in the 
teaching of arithmetic in our junior and senior high schools. 


THE BAsIS OF OUR NUMBER SYSTEM 
The Birth of Number 


Man’s number sense is quite limited. In a group of six or more ob- 
jects he is unable to tell “chow many” unless he resorts to counting. 
Modern counting was not available to the primitive savage. Like 
any other idea, it had to be invented and perfected. 

Nevertheless, early man, needing to keep a record of the number 
of sheep or horses or warriors, did so by a process of ‘‘matching.” 
The primitive Indian would put in a little pouch one pebble for each 
of his ponies. He then could determine whether any ponies were miss- 
ing merely by matching pebbles and ponies. The natives of Peru, 
planning an uprising against their Spanish rulers and wanting to be 
certain that it started in all sections on the same day, did so by dis- 
patching knotted ropes to the leaders in each area. The number of 
knots corresponded to the number of days until the uprising. For 
every day that passed, one knot was untied from each rope. On a 
given day, the last knot was removed from each and the revolt began. 
One knot corresponded to one day; knots were matched with days. 

When objects are paired in this fashion, they are said to be put 
into “one-to-one correspondence.” 

Early man could not count a group of objects but he was frequently 
faced with the question, ‘How many?” ‘“‘How many wolves?” “‘How 
many warriors?” He could not count the wolves or the warriors but 
he could match them with some known group. If he saw two animals, 
he could match them mentally with the wings of a bird and say 
‘“‘as many as the wings of a bird.”’ If three animals, ‘‘as many as the 
leaves on a clover’; if five animals, ‘‘as many as the fingers on my 
hand.” 

After a time, it became standard practice to match the unknown 
groups with specific model collections such as wings, clover leaves, 
and hands. It might appear that when these model groups were placed 
in order of magnitude primitive man would have numbers and could 
count. Simple as this may seem it was a difficult step. The idea of 
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the possibility of counting, slow to develop, appears to have arisen 
from the distinguishing words “this” and ‘“‘that.” ‘‘This’’ became 
associated with the idea of “one,” “‘that’’ with the idea of ‘‘two.”’ 
Ifa third object was present, man would point at it and say ‘‘another 
this’; if a fourth object, “another that.’’ These words were always in 
the same order: this, that, another this, another that. Here is the 
beginning of a system of counting, like our one, two, three, four. 

Man’s first attempts at counting usually came to an end when he 
had exhausted the fingers of his two hands. Man happens to have 
ten fingers so ten was usually the point at which his counting was 
temporarily halted. As he took the next hesitant step beyond ten 
it was natural for him to say ‘‘ten and one,” “‘ten and two,” “‘ten and 
three,’ and so on up to “two tens” or twenty. From twenty he pro- 
ceeded by tens to “‘ten tens” or one hundred. A system built on tens 
is called a decimal system. If man had been born with twelve fingers, 
it is probable that twelve rather than ten would have been the base 
of his number system. 

In most ancient countries, man eventually devised systems of 
counting and invented ways of writing numbers. We will compare a 
few of these early systems with our own Hindu-Arabic numbers. 


Egyptian Numbers—A Decimal System 


Let us imagine we have a time machine that carries us backward 
in time. 

It was 1650 B.C. as we came in for a landing on the southern shore 
of alarge and beautiful sea into which a mighty river flowed. Evident- 
ly the river had flooded recently and swept away the marks used by 
the peasants to identify their property for today the muddy land 
on each bank was being surveyed. The people (Egyptians) seemed to 
have considerable skill in mensuration for they were proceeding 
with efficiency to recover for each man his own small plot of ground. 

We were eager to learn the kind of numbers used by these people. 

Our ship carried us south along the River Nile where the country 
was heavily populated. We passed over small towns and some large 
cities and came at last to a city called Thebes which we decided to 
enter. 

We watched the men in the streets but it soon became apparent 
that the common man had little formal education. Learning must be 
the possession of a priestly caste. We entered a temple and in one 
room found a scribe called Ahmes copying with great care, on papy- 
rus, a work on arithmetic. 

Ahmes paused in his writing, looked up and said, “I am using 
hieratic script which has been developed from the hieroglyphics. 
In hieroglyphics we represent the numbers from one to nine by verti- 
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cal staffs or lines. Thus, nine is simply nine vertical staffs. (See Figure 
1.) The next number, ten ones, is not represented by ten staffs, how- 
ever, but by a new symbol, a heel bone, 
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Ahmes drew what appeared to be a croquet hoop (Figure 2). 
“This is our ten,” he said. 

We soon discovered that two of these heel bones represented 
twenty, three of them thirty, and so on to ninety which was pictured 
by nine heel bones. We were especially interested now to know how 
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Ahmes would show the number one hundred. Would he use ten heel 
bones? Would he employ a new sign? 

For one hundred, Ahmes drew a new hieroglyphic, a scroll. Similar- 
lily, one thousand was a lotus plant, 10,000 a pointing finger, 100,000 
a burbot, and 1,000,000 a man holding up his hands in great astonish- 
ment. 

Clearly this was a decimal system: 


10 vertical staffs=one heel bone 


10 heel bones =one scroll 

10 scrolls =one lotus plant 

10 lotus plants =one pointing finger 
10 fingers =one burbot 

10 burbots =one astonished man 


As we talked to Ahmes, several features of Egyptian numeration 

became clear: 

1. The place or position occupied by a sign did not have real 
significance. A number could be written from the right or from 
the left without changing its value. (See Figure 3.) 

2. There was no symbol for zero. 

3. All numbers were formed by repetition and addition of signs. 
Thus, forty was formed by repeating the sign for ten a total of 
four times (Figure 4), and was evaluated by adding the values 
of the individual hieroglyphics. (10+ 1060+10+10). 


Babylonian Numbers: A Sexagesimal System 


We left Ahmes and, setting course in a north-east direction, 
travelled over vast stretches of desert and some water until we saw 
below us a flat fertile plain enclosed by two rivers which flowed south 
into an ocean or large sea. Below us were farm lands and some cities. 

On entering one of the larger cities we found that the buildings 
were constructed of clay. Indeed, at a number of points we noticed 
clay tablets covered with peculiar wedge-shaped signs. 

Entering one large building we found a man studying a map of the 
heavens. From him we learned that this was Babylon, that the rivers 
were the Tigris and the Euphrates. The Babylonians, it developed, 
were astronomers of some ability. They must, therefore, be capable 
of expressing large numbers economically and efficiently. We asked 
how numbers were written. 

The Babylonian picked up a clay tablet and, pointing to several 
wedge-shaped characters, said, ““We use a single wedge-shaped char- 
acter (Figure 5), repeated up to nine times, for the first nine numbers. 
A new symbol (Figure 6) is employed for ten ones and still another 
for ten tens. 

We thought, ‘“‘Apparently the Babylonians use a decimal system.” 
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We picked up another tablet and attempted to read the char- 
acters shown in Figure 7. “‘Evidently these are the numbers one and 
twenty-one,” we said. 

The Babylonian shook his head and answered, ‘““That is just one 
number.” 

He found some difficulty explaining what he meant, but at last 
managed to make us understand that these characters corresponded 
to our “eighty-one” with the first wedge representing one group of 
sixty. Here revealed to us was an amazing development in numbers, 
a number system using sixty as the base. Here was a system witha 
clearly developed principle of positional or place value. All that 
remained to make it a superior number system was the invention of 
zero. 

We inquired about zero and the Babylonian answered, ‘‘A zero 
symbol is not often needed but we do have a symbol which is some- 
times employed to show zero (Figure 8). Further inquiry disclosed 
that this zero symbol was not used in computation and also that 
both base ten and base sixty were employed in the formation of 
Babylonian numbers. 

We attempted to discover what motivated the Babylonians to 
build a number system with base sixty. It appeared to be related 
to the number of days in the year. 

Before returning to the twentieth century, we visited Greece and 
also Central America. We found that the Greeks had developed two 
primitive decimal systems and that the Mayas had invented a most 
interesting system using a base of twenty. 


Roman Numerals 


The number system invented by the ancient Romans, and still 
used to a limited extent to this day, is usually called a decimal system. 
This is not quite accurate. When the Romans were learning to count 
they evidently paused for a time after exhausting the fingers of one 
hand; that is, their number system begins as if the base were going 
to be five: I II III IIll V. 

When they made their next advance, they wrote ‘“‘five and one,” 
“five and two,” and so on to “five and five” (two hands). However, 
instead of designating ten by VV (as they might very well have done), 
they employed a new symbol, X, and thereby shifted from a system 
based on five to one based on ten. They had now exhausted the 
fingers of both hands, and it is likely that a considerable period of 
time elapsed before the next step was taken. Consequently the idea 
of a system based on ten became established. Eleven was written 
“one ten plus one unit’’ (XI), twelve was written “‘one ten plus two 
units” (XII) and so on to twenty or two tens (XX). 


’ 
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The earlier pattern, based on five, was not entirely eliminated, 
however, as shown by the other symbols that were employed. These 
are: 

L for 50 

C for 100 
D for 500 
M for 1000 


In effect, then, the Roman system reads: 


five units=one V 
two V’s =one X 
five X’s =one L 
two L’s =one C 
five C’s =one D 
two D’s =one M 


The net result is that Roman numerals do not represent a pure deci- 
mal system. Numbef systems based on five are called quinary, those 
based on two, binary. So the Roman system may be called quinary- 
binary, which, of course, is almost the same as calling it a decimal 
system. 

Clearly, the fingers played an important role in the development of 
Roman numerals. In fact, the V for five may have originally repre- 
sented the whole hand. 

Like the Egyptians, the Romans employed the principles of addi- 
tion and repetition in forming numbers, except for the numbers 4, 
9, 40, 90, 400, and 900 which utilized the principle of subtraction 
(IV, IX, XL, XC, CD, CM). For numbers above 1000, another prin- 
ciple, multiplication, was employed. A bar over a number multi- 
plied that number by one thousand. For example, CCX XX is 230,000. 


The Hindu-Arabic Number System 

The number system we use today was invented by the early 
Hindus. It is a decimal system consisting of nine digits and a symbol 
for zero. These numbers were passed on to the Arabs who transmitted 
them to western Europe where their shape became standardized into 
the familiar 1, 2, 3,4, 5,6, 7,8,9 and 0. Our number system is superior 
because it is built on the principle of place value and because it uti- 
lizes a symbol zero as a place holder. Consequently, it can be used, 
not only to record numbers, but to carry out computations involving 
addition, subtraction, multiplication, division, and so on. 


Other Number Bases 


A group of Martians (from Mars), having landed on our planet, 
are attempting to converse with an Earthman. 
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Their first objective is to determine how people on Earth write 
numbers. They hold up one finger, make their mark for ‘‘one” and 
indicate by signs that they wish the Earthman to do likewise. This 
he does. Then they hold up two fingers, make their mark for ‘“‘two.” 
The Earthman, understanding, writes the number “2.” This is re- 
peated for three, four, five, six, and seven fingers, the Earthman 
writing down 3, 4, 5, 6, and 7 opposite the corresponding Martian 
symbols for these quantities. 

The next number beyond seven, which we call “eight,” the Mar- 
tians write 10. The number we call “nine” they write 11. This is a 
puzzling development. Then the Earthman notices that the visitors 
have only four fingers on each hand, eight fingers in all. It is just as 
natural for them to base their number system on a scale of eight as it 
is for Earth people to base their number system on ten, the number of 
fingers on two hands. Our number 12 is one group of ten fingers 
(two hands) plus two fingers. The Martian number 12 is also two 
hands plus two fingers, but, since the Martians have only eight 
fingers altogether, their two hands plus two fingers is equivalent to 
our 8 plus 2 which we call ten. 

Let us compare numbers written in the scales of eight and ten. 


Base Ten: 1 2 3 4 6 7 s- 3S © 4h 2 DS 4 th eS 
Base Eight: 1 2 3 4 6 7 10 11 12 13 14 15 16 17 20 


wu 


Now consider the set of tallies shown in Figure 9. We group them 
as shown in Figure 10 and read the result as 2 tens plus 7 ones or 
27. The Egyptians and the Romans also grouped by tens but used 
entirely different principles of number formation (addition and repe- 
tition) in writing down the result (Roman: XXVIJ). 

Our Martian friends would group them, not by tens, but by eights 
as in Figure 11. They would state the result as 3 eights plus 3 ones or 
33. 

Many people believe our system is superior because it is a decimal 
system. This is not so. Our Martian friends have a number system 
just as advanced as ours, a number system exhibiting both the fea- 
tures which distinguish our numbers from Egyptian, Greek, Roman 
and other primitive systems. These are: (1) utilization of the prin- 
ciple of place value; and (2) employment of zero as a place holder. 

To see the importance of place value, consider the digit 3 in each 
of the numbers 3, 34, 365. In the first, its position shows it is 3 units. 
In the second, it is 3 tens and in the third 3 hundreds. The value of 
the 3 is determined by its position relative to the other digits. Simi- 
larly, if the above had been numbers written in base eight, the 3 in 
34 would have been 3 eights while the 3 in 365 would have been 3 
times (8).? 
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The importance of zero is illustrated in the number 5023. This 
number is 5 thousand plus no hundreds plus 2 tens plus 3 ones. If . 
the symbol for zero (0) were not available to indicate that the hun- 
dreds place is empty, we would have some difficulty showing that the 
five actually means 5 thousand. Zero holds the empty place and gives 
5 its proper place value. 

Buswell has suggested that, if a junior high school pupil is to get a 
real understanding of the decimal system, he should have experience 
with a system based on some number other than ten. The ‘‘Martian”’ 
system could be used to give this experience. Let us, therefore, illus- 
trate the use of base eight to perform addition, addition with carrying, 
and subtraction with borrowing. 

Example 1. Add: 6 


Pe | 
Solution: Using tallies, 6 plus 5 may be represented as in Figure 12. 
The grouping is by ‘“‘eights” as shown in Figure 13. 
The sum is one group of eight plus 3 ones or 13 (base eight). 


Example 2. Add: 27 
3 


rs 


Solution: Using tallies, 7 plus 4 may be represented as in Figure 14. 

The grouping is by “eights” as in Figure 15. 

The sum of 7 plus 4 is one eight plus 3 ones or 13. 

Write down “3,” and carry “1” (one eight) to the eights place. Then 2 eights 
plus 3 eights plus the one eight which has been carried yields 6 eights. 

Hence the the sum of 27 and 34 is 6 eights plus 3 ones or 63 (base eight). 

Example 3. Subtract: 43 

17 

Solution: Forty-three may be shown semi-symbolically as in Figure 16. 

We observe that 7 ones cannot be taken from the ones place since only 3 ones 
are presently available. From the eights place we must “borrow” one of the 
groups of eight, thus adding eight more tallies to the ones place. (Figure 17). 

Now we take the seven ones from the ones place (as required), noting that this 
still leaves 4 ones in this place. 

Finally, we take away one eight (as required) from the eights place. 

The number 43 (base eight) with 17, the amount to be taken away, crossed 
out, is shown in Figure 18. 

From this diagram it is seen that there is a remainder of 2 groups of eight plus 
4 ones or 24 (base eight). 

At a more mature level this problem reads: 

4 eights plus 3 ones=3 eights plus 13 ones 
1 eight plus 7 ones=1 eight plus 7 ones 
2 eights plus 4 ones 

Finnally the subtraction can be performed symbolically with or without use 

of a crutch. 








Exercises, like the above, help to make clear the fundamental 
structure of our own decimal system. Base eight has been used to 
illustrate the method but any other base could have been employed 
with equal success. In fact, a system with base twelve might be pref- 
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erable since there are special words to describe twelve (dozen), 

twelve squared (gross), and twelve cubed (great gross). Games based 

on the binary number system provide an interesting diversion. 
CONCLUSIONS 

The problem of preparing college students to teach arithmetic in 
junior or senior high school is complicated by the fact that many of 
these students do not realize that they may be assigned, at some fu- 
ture date, to fill vacancies in mathematics classrooms. They do not 
prepare themselves to teach arithmetic and, consequently, they may 
not be able to stake out the new ground suggested by Dr. Buswell. 

Perhaps the material described in this paper will give some assist- 
ance to these people and to others who may wish to use other number 
systems in their high school classes. The point of view developed 
herein has been received with favor in the writer’s general education 
classes. Interest in traditional arithmetic has been stimulated and 
understanding of the decimal system has been deepened. Perhaps 
instruction in other number systems will be equally effective in junior 
and senior high school grades. 

Care must be taken not to overdo such instruction. At San Francis- 
co State College, stress is placed at all times on the mathematics 
needed by the intelligent consumer. Likewise, in junior and senior 
high school classes, attention must always be centered on the develop- 
ment of arithmetical meanings in the decimal system, mastery of 
arithmetical processes in this system, and solution of problems which 
are of immediate interest to high school students. 
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EUROPEAN STUDY TOUR 

Wayne University’s College of Education again approves credit for the 
European Study Tour in Comparative Education. Personally conducted by 
Professor Wm. Reitz, this Seventh Annual Tour will leave New York June 19 
and will return August 31. Covering ten countries in ten weeks, the 1954 tour 
will feature a two weeks’ visit to Spain. 

Qualified persons may earn up to eight hours of graduate or undergraduate 
credit. Similar credit arrangements are available through Mercy College, 
Detroit. Further details may be obtained from Dr. Wm. Reitz, Wayne Uni- 
versity, Detroit 1, Michigan. 





MAGNETISM 
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CHAPTER III 
[EX LECTROMAGNETS 


Magnetic Fields About Electrical Conductors. In 1820 Oersted, a 
Danish physicist, made an epochal discovery. He found that when 
an electric current flowed in a wire, a magnetic field was set up in 
concentric circles about the wire. See Figs. 28 and 29. Oersted! first 
observed that when a wire, A-C, Fig. 30, was placed parallel to a 
compass needle, S-N, the needle was deflected. It was deflected in one 
direction when the wire was below the needle, B-C, and in the oppo- 

——>— 
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Fic. 28. Magnetic field around a conductor in which the current 
flows conventionally into the page. 

site direction when placed above the needle, A-C. It was also observed 
that when the direction of the current was reversed by a switch, X, 
Fig. 30, so was the direction of deflection of the compass needle. 

This discovery by Oersted is the foundation of the modern science 
of electromagnetism. Out of it grew a prodigious amount of research, 
both inductive and deductive, which has given us the theory of the 
mutual action of magnets on magnets, reciprocal actions between 


'Oersted, Annals of Philosophy, Vol. 16, p. 273, 1820 
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magnets and currents, currents on currents, and the induction of 
electric currents by the motion of conductors in a magnetic field and 
by the variation of the number of lines of force within a closed loop. 
To give even a brief summary of what has developed technologically, 
because of this discovery, is beyond the limits of these pages. The 
telegraph, the ee the modern lighting and power develop- 
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Fic. 29. Circular magnetic lines of force about a vertical conductor 
carrying an electric current, demonstrated by means of iron filings. 


ment plants with their networks of transmission lines, the radio and 
television, are but a few of the applications of this fundamental dis- 
covery. 

This great discovery of Oersted made clear once and for all times 
that magnetism arises from the motion of electric charges. Magnetic 
poles are not fundamental entities as are electric charges. Magnetism 


A; ;B 





Fic. 30. Outfit for demonstrating Oersted’s discovery. 


is a secondary effect arising whenever electric charges are set in 
motion. There can be no magnetic phenomena without electricity in 
motion. It is doubtful if Oersted fully realized the significance of 
his discovery at the time he made it, but a few years later Ampere 
made this point very clear. Ampere’s discovery has in the succeeding 
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125 years gone more or less into eclipse, and only in recent years is it 
beginning to emerge once more as “‘one of the most brilliant achieve- 
ments in science’ (Maxwell). Ampere’s work leads to the very defi- 
nite point of view that the subject of magnetostatics—a study of 
the forces between magnets and between magnetic poles—is simply 
an extension of Coulomb’s law for electrostatics to include the forces 
between moving charges, which we have hitherto called magnetic 
forces. 

This discovery of Oersted, along with the gyromagnetic effect 
proposed by Richardson? and first experimentally confirmed by Ein- 
stein and d’Haas,* have advanced our knowledge of ferromagnetism 
as no others have. Oersted’s discovery now makes plain that even in 
the natural and artificial magnets discussed in Chapters I and II we 
were dealing with electric charges in motion. In the electronic theory 
of magnetism this point will be decisively confirmed when discussing 
the gyromagnetic effect. 

Direction of the Magnetic Field Around a Conductor. A complete 
study of the field about a wire carrying an electric current revealed 
that the direction of the field was always normal to the radius vector 
connecting the center of the conductor and the point observed. Fig. 
29 shows the field about a conductor when it is mapped by sprinkling 
iron filings on a horizontal sheet of paper which is normal to the con- 
ductor. It can be seen at once why the magnetometer needle is re- 
versed when the wire is brought from a position above the needle to 
one below it. The fields on opposite sides of the wire are in opposing 
directions. 

We have conventionalized the direction of an electric current 
as that in which a positive charge would move in a conductor. Today 
we feel pretty sure that in a metallic conductor it is the negative 
charges which move, or that the carriers of the electric current are 
negatively charged particles which we call negative electrons, or 
negatrons. Whether a series of positive charges move in one direction, 
or a series of negative charges move in the opposite direction, both 
will set up circular lines of magnetic force about the conductor, and 
the direction of that field will be the same in both cases. Having con- 
ventionalized the direction of the electric current as the direction in 
which a positive charge will move, we next tried to conventionalize 
the direction of a magnetic field, in an analogous fashion, by saying’ 
it was that direction in which a free N-pole or positive magnetic pole 
would move in the magnetic field. Using these two conventions we 
find that if we look along the direction of the wire in which the cur- 


? Richardson, Phys. Rev., Vol. 26, p. 248. 1908 
* Einstein and d’Haas, Verh. d.D. Phys. Ge., Vol. 17, p. 152, 1915. 
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rent is flowing in the Oersted experiment, the magnetic lines of force 
about the wire will be clockwise, or the directions of electric flow and 
that of the magnetic field will be related to each other as are the 
progression of a right-handed screw and its direction of rotation. 
This is shown in Fig. 31. where the motion forward of the screw repre- 
sents the direction of the electric current and the direction of rotation 
corresponds to that of the magnetic field. 








Fic. 31. Related directions of rotation and of progression 
in a right-handed screw. 

Magnetic Field Intensity About a Long, Straight Conductor. In Fig. 
32 is shown an infinitely long, straight conductor WW in which an 
electric current C is flowing. The question is raised,—what is the 
magnetic field intensity, Hp at the point P due to the current C 
flowing in the conductor WW as indicated? 

(a) Experimentally. Biot and Savart‘ arrived at an answer to these 
questions by experimental means before any theory had been de- 
veloped. They arranged a conductor in a vertical position through 
which a current could be passed. As shown in Fig. 33 the current is 
flowing upward from the plane in which two concentric lines of mag- 
netic force about the current are indicated. These two lines of force 
pass through observation stations 1 and 2. At these stations was 
swung a small magnetometer needle whose period of oscillation was 
shown on page 16, Chap. II, to be 


T=2n/1/MH. 


As this experiment was performed in the presence of the earth’s mag- 
netic field, there were at stations 1 and 2, where the magnetic needle 
was allowed to oscillate, not only the field due to the current flowing 
in the wire, but that of the earth also. This had to be taken into ac- 
count in measuring the field due to the current. When no current 
flowed in the wire only the earth’s field, H., was effective. For this 
field we may write: 





4 Biot and Savart, Ann. de Chim. et de Phys., Vol. 18, p. 222. 1820. 
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_ 
1/T,= the frequency aint? VMH./I. 
27 


When the current flows in the wire there will be two fields present, 
and for this combination we can write, for station 1, 


ee, 
1/7,=the frequency, m= = VMH,,/I. 
PAs 
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Fic. 32. Magnetic field about an infinitely long, straight conductor, W W., 


through which an electric current C is flowing. What is the field intensity at P? 
For station 2, 


1 ees 
1/T:=the frequency, 2= "a VMH,,/I. 
Lv 


The total field at station 1 is, therefore, 


H,=Mht+H, and H,=H,,—H, 
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while at station 2, 
H,,=H2tH. and H2,=H,,—H,. 


From the equations for these three frequencies there follow the rela- 
tionships 


m?/ne=H,,/H. and ne?/n.2=H,,/H,. 


Transforming these last two equations we get the equation: 


m'—n H,—H, A; 


nt—n? H,—H, Hz 


Thus Biot and Savart found that if 27,=r2, then the last equation 
was such that 








on 





Fic. 33. Biot and Savart’s experiment. 


which means that the field strength about a straight wire conductor 
varies inversely as the distance from the center of the wire as one 
goes out radially to the point considered. 

In a similar fashion they found that the field at any point varied 
directly as the strength of the electric current C which flowed in the 
wire. They, therefore, proved that H «C/r. As will be shown present- 
ly the constant of proportionality is equal to 2, so that the equation 
for the field strength at any point near an infinitely long, straight 
conductor is, 
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H=2C/r. 


If an isolated magnetic pole m could be placed at a distance r from 
the center of the conductor the force acting upon that pole would be, 


*=2mC/r. 


It will be observed also that the force does not act along the radius 
vector 7, but at right angles thereto. 

(b) Theoretically. LaPlace (1749-1827) has given us a law for the 
magnetic field intensity around an electric counductor, viz: the force 
exerted on a magnetic pole m by an infinitely short element of a 
conductor carrying an electric current, is inversely proportional to 
the square of the distance R and directly proportional to the length 
ds of the element, to the current strength C, to the pole strength m, 
and to the sine of the inclination of the element to the line joining 
the pole to the center of the element. LaPlace’s Law may be ex- 
pressed by the differential equation 

Cm ds sin 6 
d ‘p= : -™ 


9 


This equation is the logical outcome of Ampere’s equation for the 
force with which a magnetic field acts upon a conductor carrying a 
current. Ampere found that this force could be expressed by the 
equation 

F=HCL sin 6 
where H is the field, C the current flowing, and L sin 6 the component 
of the length normal to the field. For a magnetic pole the field 
strength is m/R®. Substituting this value for H in Ampere’s law, 


F =(m/R?*)CdS sin 6. 


The integration of this equation between zero and infinity will give 
the total force exerted on the pole m at P due to half of the con- 
ductor, viz., from zero to infinity. For the whole wire this value will 
be doubled. 
From Fig. 32 it will be seen that 
R?=S'+rand R=J/S+Pr? 
and 


cos @=r/R=r, /S2+9, 
Inasmuch as C and m are constant 
, rdS : . 
dF p= m6 . where dS cos @ is the effective 


Vv (S?+r°)8 
length of the element 
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dS 
=mCr = 
VJ (S2+r)38, 


The integral 


| 


i) - dS S 
0 wv (S*+r7)® 7 r2y/(S?+r°*) 
=1/r?. 
Therefore for the entire conductor, 
2mCr 2mC 
r° r . 
For m=1, 


Hp=2C/r when C is in abamperes, and 


IC 
= when C is in amperes. 
10r 








Fic. 34. Maxwell’s method to demonstrate the inverse law of the magnetic 
field surrounding an electric conductor. 


It will be noted that the final result is for the point P to be located 
at a distance r from and at right angles to the conductor WW. Hp 
will be given in oersteds, or it will express in dynes the force exerted 
upon a unit magnetic pole at the point P. The direction of this mag- 
netic force will be at right angles to the radius vector r and means that 
if a unit positive pole were isolated and free to move, it would move 
in circles about the conductor. This would in effect constitute a uni- 
polar motor. Such motors will be discussed at some length in a later 
chapter. 

On the other hand, if a unit magnetic pole were carried in a circle 
around the conductor and against the direction of the magnetic 
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field, work would be done upon the magnetic pole. The equation for 
work is 
W=FXd 


where F is the force applied and d is the distance through which the 
force operates. Applying this equation to the force acting upon the 
unit magnetic pole as it is pushed against the magnetic force acting 
upon it, the work becomes equal to 


W = HpX2rr=F Xd 
= (2C/10r) X2rr=0.4nC ergs. 


Experimental Demonstration of the Inverse Law. Maxwell’ has given 
an excellent static method for demonstrating this inverse law experi- 
mentally confirmed by Biot and Savart. Fig. 34 shows the equipment 
used in the demonstration. Two magnets are laid on a circular track 
along a common diameter. The two N-poles are nearest to each 
other and the two south poles are farthest from each other. When a 
current flows up the vertical conductor the two north poles tend to 
move in the same direction, i.e., counter clockwise as viewed from 
above. In a similar fashion the two south poles tend to encircle the 
wire in the other direction. Let r be the distance between the N-poles 
and the central wire, and R the distance between the two S-poles and 
the central wire. The torque acting on the two N-poles will be equal 
to 

O,=2mHyr 


and for the two S-poles the torque will be 
Oo=2mHe2R. 


If no rotation of the system occurs then Q:=Q, and H,/H2=R/r, i.e., 
inversely as the distances. 

Field Inside of a Conductor. Within the conductor the magnetic 
field is distributed differently from what it is outside. Northrup*® 
made a study of the magnetic field inside of a conductor in which an 
electric current was flowing, and found that the magnetic field inside 
of the conductor follows the law 

2Cx 
H,=— 
R?2 
where x equals the distance from the center of the conductor, and R 
is the radius of the conductor. Just at the surface of the conductor the 
two equations become the same, i.e., x= R. 





§ Maxwell, Electricity and Magnetism, Vol. 2, p. 130. 2nd Ed. 
*Northrup, Phys. Rev., Vol. 24, p. 474, 1907. 
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From the two equations for the magnetic fields inside and out of a 
conductor, we are now in a position to show graphically the way the 
field varies outward from the center of a long conductor as it carries 
a uniformly distributed current. This is shown in Fig. 35 where the 
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Fic. 35, Distribution of magnetic field inside and out of an electrical conductor, 


field intensities are plotted as ordinates and the distances measured 
from the center of the conductor serve as abscissas. Inside of the 
wire the magnetic field increases from the center of the conductor 
outward directly as the distance x from the center of the conductor, 





—_D Vv 
SS f 

> /| 
ed I 

Ss PQ 





Fic. 36. What is the magnetic field at any point P on the axis of acircular 
conductor, where dZ is an element of the current flowing? 
while outside the field drops away inversely as the distance x from 
the center of the conductor. 

The distribution of the field intensity inside of a large conductor 
is an important factor in A.C. work. The variation in the field as the 
current periodically changes gives rise to what is known as the skin 
effect. In this effect the current is crowded toward the surface of the 
conductor, and there appears to be a greater resistance for alternating 
currents than for direct. 
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Magnetic Field Strength Along the Axis of a Circular Current. This 
problem may be solved by the use of the LaPlacian equation given 
on page 5 and now written in the form 


CdL . 
H=—— sin 0. 
2 


Fig.36 shows a circular conductor having a radius RX and carrying 
a current C. What will be the field strength due to the current C at a 
point P located on the axis S of the circular conductor? 

Let dL be an element of the current. Its magnetic field at P will be 
directed along the line PV, which may be resolved into two com- 
ponents, one along the axis S represented by the line PQ and the 
other at right angles to S represented by the line QV. For a current 


Cc 








Fic. 37. Testing the magnetic field strength along the axis, OP, of a circular 
coil of m turns in which a current C flows. 


element diametrically opposite to dL its force at P may be resolved 
in an analogous fashion, but the component normal to the axis $ 
will be directed oppositely to QV, so that all components normal te 
S due to the various current elements around the circle annul each 
other, leaving just the sum of the components along the axis S all 
working in the same direction as PQ. 

The magnetic force at P due to dL is 


CdL 
PV =dHp=—— sin 0. 
Dp? 


In this particular case 0, the angle D makes with dL, equals 90° and 
sin 90°= 1, so that PV = CdL/D? and its component along S which we 
desire will be 
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CdL 
dHp=— 





sin 0, sin 6= R/D. 


2 


Hence 


C R 
dH p=—X— dL. 
vi D 


9 


Integrating around the circle 


CR L=2rR 
Hp= — | dL 
D* J 1-0 








CR 2rCR 
=—— (2xR) =——— 
Ds D’ 
21rC R? 
ye (S?+ R?)3/2 
When S=0 and P is at the center of the circular conductor, 
2rC 
H= 
R 


If there are » turns to the coil, then 


2rnC 
R 


H= 





an equation we shall use presently in discussing the theory of the 
tangent galvanometer. When R is very small with respect to D and 
D approaches S as a value, we see that 


! 
Hp«— - 
5 


This is easily verified experimentally by means of the equipment 
shown in Fig. 37. 

A battery with constant voltage is attached at E so that an electric 
current C flows in the coil. When the current flows a magnetic field 
is set up along the axis of the coil, whose strength we just saw should 
vary inversely as the cube of the distance between the center of the 
coil and the center of the magnetometer needle in M. The magnetom- 
eter needle M may be moved along the axis of the coil OP and as it 
does so, the needle is deflected by a force proportional to the tangent 
of the angle of deflection «. Asa result 

tan «x 
_ = constant 


R?/ (S24 R?) 3/2 
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for the conditions shown in Figs. 36 and 37, if the inverse cube law 
holds for the magnetic force along the axis of the coil.’ 





Fic, 38. A tangent galvanometer. 


Tangent Galvanometer. The galvanometer, shown in Fig. 38, has 
been largely superseded by the d’Arsonval instrument which is freer 
from outside influences. The chief reason for introducing it here is 


T 
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Fic. 39. Forces operating on the poles of a magnetometer needle in a 
tangent galvanometer. 2/=length of magnetometer needle. 


? Stewart and Gee, Elementary Practical Physics, Vol. 2, Elec. and Mag., pp. 318, 1889. 
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because it illustrates in excellent fashion the relations between mag- 
nets and the magnetic fields produced by electric currents. 

The tangent galvanometer shown in Fig. 38 consists of a simple 
coil which, when the instrument is in use, will have its plane in the 
magnetic meridian of the earth’s field. When a current is sent through 
the coil a magnetic field is set up at right angles to the plane of the 
coil, and thereby also at right angles to the earth’s magnetic field. 
See Fig. 39. Two magnetic fields will now be acting upon the two 
magnetic poles of the needle, S— N, to turn the needle into alignment 
with the resultant of the two fields. The earth’s field will be repre- 
sented by the vector Nb and the field of the coil by the vector Na. 
The needle can swing on a pivot point or be suspended with the center 
of the needle at the center of the coil by means of a fine fiber. Under 
the influence of these two fields the needle aligns itself along their 
resultant R as indicated in the drawing. The V-pole and the S-pole 
of the needle have pole strengths such that m:=m.,=m. The two 
moments acting upon the N-pole will be mlH, cos 6 for the earth’s 
field H., while the torque due to the coil will be m/H, sin @. 2/=length 
of needle. When the needle comes to rest under these two torques, 
which have their counterparts acting on the S-pole, the total action 
will be represented by the equation: 


2mlH, cos 0=2mlH, sin 0 
H,=H, tan 0=2rnC/10R 
10H,R 
C=- 


tan 0=K tan @ 





2rn 


where 





10H,R 
feet 
2rn 
a constant. 

Because the current is directly proportional to the tangent of the 
angle of deflection, this instrument is called a tangent galvanometer. 

The Double-coil Tangent Galvanometer. The drawing, Fig. 39, of 
the tangent galvanometer in cross-section shows a needle out of all 
proportion to what it should be as compared with the size of the coil. 
It is assumed that the field in which the needle swings is uniform. If 
one uses a single coil tangent galvanometer a short needle must be 
used. 

By placing two tangent galvanometer coils with their planes paral- 
lel and centers on the same axis, but at some distance apart, a much 
more uniform field is obtained, and thereby a longer needle for greater 
sensitivity may be used. Fig. 40 shows such an instrument in cross- 
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section. In deriving the equation for the single coil of a tangent gal- 
vanometer, we had the form (p. 11) for the field strength anywhere 
along its axis, as 


2anR? C 
~ (§2 + R*) 
Applying this equation to the two coils used in juxta-position as in 
Fig. 40 where the distance between the centers of the two coils is 


equal to the radius, d= R, we get, since S=d/2= R/2 and there are 
two coils, 
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Fic. 40. The double coil tangent galvanometer. 
5 5 


4rnC R* 32xnC 


(R°+R?/4)9? 55/5 R 
=64rnC/+/5 R 


Hp= 


when C is expressed in amperes. Since 


64rnC 
= H, tan 0 
SR 
V/5 H.R tan @ 
C= ————— 


641rn 
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= K’ tan 6 
where 
V5 H.R 
fo 
6470 


Such an instrument may become one of precision with large and 
accurately built coils and a free swinging compass needle. It is with 
instruments based upon the foregoing principles that absolute deter- 
minations of current strength have been frequently made. If possible 
it is desirable to keep the deflections in the neighborhood of 45°. 
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Fic. 41. Distribution of field intensities in a set of Helmholtz coils. (b) Dis- 
tribution for coil C;. (c) Distribution for coil Cz and (a) Combination of the 


two. d=R. 


Helmholtz Coils. The possibility of producing a fairly uniform field 
between two coils as described in the double-coil tangent galvanome- 
ter, and developed by Helmholtz, has led many investigators to use 
such coils for annulling the earth’s magnetic field, or any other mag- 
netic field where it is desired to get zero, or a uniform magnetization 
throughout quite a large volume. In the equation for the field strength 
along the axis of a tangent galvanometer coil, 


(Se RH 


g = 
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it will be seen that H, will be greatest at center of coil where S=0. 
Hence the field along the axis decreases from the center outward 
becoming zero at infinity. The question is, is there any point along 
the axis where H, remains constant? If so, then this rate of change 
should become constant and the second derivative of H, should be 


equal to zero. 
=| 2rnR?C | . 
dS? (S24 R232] 


The numerator is a constant, so we are interested in the denominator. 

















Fic. 42. Resultant field between Helmholtz coils C; and C2. 
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Divide by —3(.S?+ R?)-* and 

5S?=(S?+ R?), or 4S?=R? and S=R/2. 
At a point where S=R/2 the rate of change becomes constant, and 
therefore d?H/dS*=0. This condition Helmholtz made use of in 


placing the coils coaxially and at such a distance apart that d=R in 
Fig. 40. When this occurs the diminution of the field in one coil is 





Fic. 43. Helmholtz coils in the Magnetic Laboratory of General 
Motors Research Laboratories. 


compensated by the increase in the other, as shown in Fig. 41. Over 
quite a length of the center at C, the resultant field of the two coils 
remains fairly constant. Fig. 42 shows the resultant field for the two 
coils. 

In Fig. 43 are shown two Helmholtz coils with their centers at the 
same point. The outer one is for annulling the vertical component 
of the earth’s magnetic field, and the inner one for annulling the 
north-south component of the earth’s field. A somewhat smaller 
Helmholtz coil is also shown which is used for annulling the east- 
west component. By means of these coils the field over quite a volume 
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of the space at the centers of the coil could be maintained to within 
2 gamma of zero, where gamma=10~ oersted. Manual control fol- 
lowing the indications of an east-west and of a north-south variome- 
ter enabled gne to maintain the constancy for the diurnal and other 
long range variations. Sudden changes could not so easily be con- 
trolled. 

Solenoids. Another coil which finds a great many uses in magnetic 
measurements is the solenoid. This is a coil whose length is consider- 


ably greater than its diameter. It is a series of tangent galvanometer. 


coils set coaxially along side of each other. We can use the same 
equation (p. 000) which was used in evaluating the field strengths 
along the axis of a tangent galvanometer coil. Fig. 44 shows the con- 
tour of a solenoid whose length is Z and radius R for a single layer of 
N turns. The number of turns per unit length will be V/L=n. What 


ty 





r---- 


Fic. 44. A solenoid. The field at the center of a long solenoid 
is H=4rnC. 


will be the field intensity at a point Q on the axis at a distance D from 
the center of the coil? In the element of length of coil dX there are 
ndX turns. The effect of these turns at the point Q is given by the 
equation 


2aCR*ndX 
Hg=—— = s 
[ (D+ X)?+ R?]*/2 


We now sum up the effect of all the rest of the turns on the solenoid 
and 
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o[ D+L/2 D-L/2 
= Z7N —_ ‘ 
' J(D+L)22+R? V(D—L/2)?+R? 


If D=L/2, Q is at one end or the other of the solenoid, and 
* 


L 
Hg=2rnC = * 
VL?+ R? 
If D=0, 
L 
Hg=4nrnC . 
V/ L?+ R? 


The field at the ends of the coil is just half of that at the center. 
For long, slim coils, i.e., when L is very large with respect to R the 
value of Hg at the center is very nearly equal to 4rnC. 





Fic. 45. Magnetic field inside of a solenoid mapped by 
means of iron filings. 


Hg=0.ArnC oersteds 


at the center when the current is measured in amperes. 

Placing two coils, such as those used in the tangent galvanometer, 
quite close to each other and coaxially, gave a space where a uniform 
field could be maintained over quite a volume. By placing a large 
number of tangent galvanometer coils coaxially and as close to each 
other as possible, it becomes evident that the field inside of a solenoid 
would be very uniform, except quite near the ends. This is indicated 
by scattering iron filings around the turns of a single layer solenoid 
as shown in Fig. 45. Inside of the turns the lines of force appear to 
be quite parallel, which is an indication of a uniform magnetic field. 

One of the great needs in magnetic investigations is a steady mag- 
netic field of great intensity. One would naturally think from what 
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has just been said about solenoids that all one had to do was to put 
a lot of turns on the coil. This would be increasing the value of m in 
the equation, H=4mnC. Also, one could increase the value of C in 
the same equation. In this procedure one quickly arrives at certain 
limitations, and there is not much one can do about it. The heating 
effects from large currents is no mean item, while the electro-dynamic 
forces attain astronomical proportions, which make the whole prob- 
lem an extraordinarily difficult one. 

The Mount Wilson Solar Observatory has developed a coil for 
producing magnetic fields of over 30,000 oersteds without the use of 
iron cores. The solenoid is wound in layers of bare copper tape sepa- 
rated by small cord. Through the interspaces of tape and cord, kero- 
sene is rapidly pumped from one end of the coil to the other by means 
of pressure pumps. After passing through the coil the kerosene is 
again returned after circulating through a refrigerator. The main 
coil is built with an inner and an outer section which may be con- 
nected in parallel. Each section carries 2,000 amperes, so that the 
whole takes 4,000 amperes at 125 volts from a specially constructed 
generator. Thus excited, the 5-cm. tubular space inside the coil 
has a field of about 32,000 oersteds over about 10 cm. of its length. 
This is not an intense field, but it is fairly uniform over a compara- 
tively big volume, and can be maintained indefinitely. 

Kapitza, working in the Cavendish Laboratory, has obtained some 
very high transient magnetic fields. His source of power lay in the 
accumulation of the kinetic energy of a rotor in a specially devised 
turbo-generator. When the generator is short-circuited through the 
magnetizing coil the kinetic energy of the rotor is converted into 
electrical power. In order to avoid undue heating effects the energy 
of only half a cycle was used. This had the added advantage that the 
circuit could be broken at the end of the half cycle without the difh- 
culties which were encountered in breaking the huge currents used 
when he initially used storage batteries as the source of energy. 
Kapitza figured that a generator giving 3,000 kw. on continuous serv- 
ice would be feasible. This meant that special attention had to be 
paid to its construction from a mechanical point of view. The windings 
were so made that instead of a sinusoidal form of alternating current, 
the crest of the wave should be flat. During this portion of the cycle 
the current was sent through the coil, and thus a constant field was 
obtained during that short interval of time. For many experiments, 
such as bending the track of the alpha particle or the Zeeman effect, 
this short interval of time was sufficient. A very powerful and quick- 
acting switch was built to throw in and out the desirable and undesir- 
able portions of the cycle in order to get the level portion of the cycle. 
Furthermore, the current in the magnetizing coil had to be in step 
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with the observing device. This necessitated an accurate timing ar- 
rangement between the switch and the observing apparatus. With 
the huge currents sent through the magnetizing coil, special precau- 
tions had to be taken against the crushing of the coil due to the 
terrific electrodynamic forces present. The whole set-up required the 
highest degrees of mechanical and electrical engineering ability to 
accomplish what was done. Transient fields of 320,000 oersteds were 
obtained, and calculations indicated that 500,000 oersteds were pos- 
sible. Development of intense magnetic fields over a considerable 
space, and continuous, would be of immense help in furthering re- 
search in the field of magnetism. 

Very little has been said in this chapter in regard to what would 
happen if various media filled the space inside of the different coils 
discussed. This is a highly important subject, both for the theory 
of magnetism and for the technological developments which have 
arisen from it. These will all be taken up and discussed in succeeding 
chapters, especially after considering what happens when a medium 
is filled with uniformly distributed dipoles. 


PROFESSOR MORRISON GOES TO BRISBANE FOR RESEARCH 


Prof. Peter R. Morrison of the University of Wisconsin department of zoology 
has received a Fulbright grant for study and research at the University of 
Queensland, Brisbane, Australia, where he will conduct a roject on the me- 
tabolism and temperature regulation of Australian marsupials. 

During the term of the Fulbright, which will begin during the coming summer, 
Prof. Morrison will be associated with the University of Queensland department 
of physiology. His research will be a continuation of a project he has been con- 
ducting on the physiology of Wisconsin, Alaskan, and other North American 
mammals under an Air Force research grant. 

He also plans to study the physiological adaptations of the Australian lungfish, 
which represents a transition stage from aquatic to terrestrial animals, particu- 
larly the mechanisms of respiiration and blood gas transport. If possible, he 
will try to make some observations of the physiological adaptation to cold of the 
Australian aborigines, who because of their dress are apparently exposed to 
greater cold when the Australian temperature falls to 25 degrees than Eskimos 
at much lower temperatures. 


RIDER RELEASES SECOND SUPPLEMENT TO RECEIVING 
TUBE SUBSTITUTION GUIDEBOOK 


The second supplement to the Receiving Tube Substitution Guidebook pre- 
pared by H. A. Middleton has been forwarded to distributors by John F. Rider 
Publisher, Inc., 480 Canal St., New York 13, N. Y. This series, consisting of the 
main volume and two supplements, is the electronic industry’s standard source 
of information on receiving tube and picture tube substitutions. The second 
supplement is a 48 page publication, 8}”X11" and lists for 99¢. It features 134 
television picture tube substitutions as well as 190 receiving tube substitutions. 
The total listing of tube substitutions in the main book and two supplements 
exceeds 3500. An accumulative index covering all tube substitutions listed in the 
three publications also is contained in the second supplement. 





WHY USE RECREATIONAL MATHEMATICS IN OUR 
SECONDARY SCHOOL MATHEMATICS CLASSES? 


Louis GRANT BRANDES 
Encinal High School, Alameda, Calif. 


Secondary school teachers of mathematics are showing increased 
interest in the use of recreational mathematics as a teaching aid. This 
is evidenced by an increasing number of articles on recreational math- 
ematics appearing in recent issues of educational periodicals and by 
a revived printing of a number of recreational mathematics books, 
as well as the publication of a number of new books. 

What lies behind this increased interest in recreational math- 
ematics? Does such an interest indicate a change in the accepted 
methods of teaching mathematics? What purpose does the use of rec- 
reational mathematics serve in the classroom? These and other ques- 
tions have been directed to me by teachers of mathematics in the 
secondary schools. I would like to attempt to answer such questions 
by a brief review of the status of the mathematics subjects in the 
public secondary schools and by presenting some of the philosophy 
that can be associated with the use of recreational mathematics. 


CONCERN EXPRESSED OVER ACHIEVEMENT 
IN THE MATHEMATICS SUBJECTS 

One does not have to look far to find concern being expressed over 
the achievement, or the lack of it, in the mathematics subjects by 
secondary school children. 

A number of years ago, Ohlsen, in reporting a study on fundamen- 
tal mathematical skills and concepts of high school pupils, indicated 
that the present high school mathematics program is not efficient in 
preparing youth for life as ordinary citizens when comparison is made 
with the recommendations in The Final Report of the Joint Committee 
of the Mathematics Association of America and The National Council of 
Teachers of Mathematics. He pointed to a need for evaluation and re- 
vision of the high school mathematics program.! 

A study reported by Mable Boss is typical of a number of more re- 
cent achievement studies that have been made in large city school 
systems. She reported that mathematical achievement in our present 
schools, as defined by the Cleveland Survey Test, is not up to the 
standards of former years.” 

The results of tests developed and given to members of the Armed 
Services by the U. S. Armed Forces Institute on educational develop- 





1 Ohlsen, M. M. “Control of Fundamental Mathematical Skills and Concepts of High School Students,” 
Mathematics Teachers, December, 1948, pp. 365-371. 
? Boss, Mable E. “Arithmetic, Then and Now,’’ School and Society, March, 1940, pp. 391-392. 
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ment might well cause Californians special concern. When rated on 
the results of these tests, California showed a deficiency in mathemat- 
ical achievement when compared to five other regions in the United 
States; only the Southern States ranked lower. On the other hand 
California held leadership in other subjects rated.* In my opinion 
these ratings have special significance. In the region where dictates of 
tradition upon the schools are minimized and where “more than the 
usual” public interest is reflected in the schools, the least emphasis 
appears to have been placed on mathematical achievement. 


CONCERN OVER ““THE WAY THE MATHEMATICS 
SuByects ARE TAUGHT” 


Some writers attempt to explain a “lack of achievement”’ in math- 
ematics by the methods with which the mathematics subjects are being 
taught. A thought expressed is that mathematics, a subject that has 
changed but little over the generations, has provided teachers with 
materials that can be offered as ‘“‘the same old subject in the same 
old way.” It is most obvious, however, that school children can not 
be expected to respond to the ‘“‘same old subject in the same old way.” 

Secondary school children may have the same physical character- 
istics as those of a decade or more ago, but they vary greatly in an- 
other respect. The attitudes that children develop, a product of 
their environment, change terrifically. The attitudes of children are 
the result of all that “they see and hear and feel.’”’ They are the prod- 
uct to television, radio, wars, strikes, rapid transit, and all such char- 
acteristics that are common of our world today. Children come more 
frequently from broken homes; some have both parents working; a 
surprising number have found part-time employment. 

The importance that environment plays in the reactions and atti- 
tudes of people is nicely illustrated by the following story: Three per- 
sons viewing the Grand Canyon for the first time included an artist, 
a minister, and a cowboy. The artist remarked, ‘“What a wonderful 
scene for a canvas!” The minister remarked, “What a wonderful 
creation of God!” The cowboy remarked, “What a heck of a place 
to lose a cow!” 

Can we honestly expect our pupils to have the same attitude to- 
wards mathematics as you and I? I hardly think so! Their reactions 
and attitudes are the result of an adjustment to their environment, 
usually far different from ours; our teaching methods must be ad- 
justed accordingly. A most logical explanation of our pupils’ “lack of 
achievement” in mathematics may well lie in that they just don’t 


3 The Examiners Manual for Tests of Educational Development. United States Armed Forces Institute. Copy- 
right by the American Council of Education, 1944. 
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“sive a dern’”’ about mathematics; there are too many other things to 
demand their time and interest. 


Our POSITION AS MATHEMATICS TEACHERS 


Some of the teachers in our schools are making a special effort to 
adjust the school curriculum to a changing environment. Some sub- 
ject areas are receiving more attention than others. For example, an 
increasing number of social studies teachers are bringing the radio, 
television, motion picture, and newspaper directly into the class- 
room. Pupils are being involved in working together on common prob- 
lems and on group projects; an emphasis is being placed on meeting 
real life situations. 

There is evidence that mathematics teachers are making a similar 
effort. They are making mathematics meaningful to the children via 
the laboratory classroom; they are making increased use of charts, 
craft projects, pictures, devices, and real-life experience problems. 

In my opinion, a fundamental principle of good teaching is that we 
accept children where we find them in any particular subject area 
and “take them on from there.” It follows that we as mathematics 
teachers may have to accept a large number of pupils from whom 
mathematics bears a stigma. To be successful in teaching these pupils 
we must first change their attitudes towards mathematics. Thisinvolves 
using such devices as will assist children to accept mathematics as an 
enjoyable, interesting, and useful subject area. I believe that recrea- 
tional mathematics can serve as such a device. 

In my opinion, a second fundamental principle of good teaching is 
that we provide a classroom environment in which pupils will indicate 
their best efforts to themselves and to their classmates. It takes more 
than knowledge of subject matter to exemplify this principle. Teach- 
ers must establish such rapport with their classes as will provide for 
enthusiastic groups, free to “give and take” with their teachers and 
with one another. I believe that recreational mathematics lends itself 
to the development of this relationship. 


AVAILABLE RECREATIONAL MATHEMATICS MATERIALS 


A limiting factor in the classroom use of methematical recreations 
in the secondary schools has been the difficulty in locating suitable 
materials. While some teachers have been able to collect a usable 
supply of materials over a long period of time, the prospect is dis- 
couraging to many teachers wishing to make use of such materials. 

Many teachers have asked, “Where can I obtain recreational mate- 
rials for my mathematics classes, especially for my slow sections?” 
The following sources are suggested: 

1. Many good books on mathematical recreations have been pub- 
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lished. Though it is true that some of the publications are beyond the 
interest of many high-school pupils, many items may be found that 
can be revised for use in the classroom. 

2. A second source is newspapers and periodicals. A number of 
newspapers and periodicals have regular features on recreational 
mathematics. 

3. A third source of materials is the pupils themselves. With 
guidance and direction, pupils may be encouraged to submit many 
interesting items. 


SUMMARY 


There are indications that achievement in the mathematics sub- 
jects by American secondary school children is not all that is desired. 
The writer feels that this “lack of achievement” may be explained by 
the attitudes that children have developed toward mathematical 
subjects as the result of the enviromnent in which they live. Perhaps 
attitudes can be favorably changed by the application of certain 
educational principles. Recreationals mathematics materials can be 
useful in the application of these principles. Suitable materials are 
available on the secondary school level for teachers that are willing 
to look for them. 

I highly recommend that teachers who have not tried recreational 
mathematics in their classrooms by all means do so. They will be 
gratified with the new interest in classroom work on the part of both 
the pupils and themselves. 


SELECTED BIBLIOGRAPHY OF RECREATIONAL 
MATHEMATICS PUBLICATIONS 


Note: While a number of the following references are out of print, many may 
be found on the shelves of large libraries and book stores; some are available 
directly from the authors and publishers. 
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21. Lee, W. W. Math. Miracles. Durham, N. C.: The Author, Box 105, 1950. 
83 p. 
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Co., 1930. 116 p. 
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26. Meyer, J. S. Fun With Mathematics. Cleveland: World Publishing Co., 1952. 
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29. Northrop, E. P. Riddles in Mathematics. New York: Van Nostrand Co., 1944. 
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33. Steinhaus, Hugo. Mathematical Snapshots. New York: Oxford University 
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Distrust of speculation often serves as a cover for loose thinking.—A. S. 
Eddington. 











STANDARD EQUIPMENT FOR THE TEACHING 
OF GENERAL SCIENCE IN THE JUNIOR 
HIGH SCHOOL* 


W. L. Lone 
Central Scientific Company, 1700 Irving Park Road, Chicago 13, Illinois 


The manufacturer of laboratory apparatus is always interested in 
any progress made in the standardization of equipment. This trend 
enables mass production which reduces manufacturing costs. The 
school administrator should also be interested in lower production 
costs since the saving is passed on in a lower selling price to the 
comsumer. 

Science equipment for secondary schools is used only as an aid to 
teaching the laws of science. It is a scientific tool, the same as a ham- 
mer, plane, saw, square or a chisel are tools used by a carpenter. 
These mechanical conveniences are used as aids so that the mechanic 
can use his skill to do a construction job. There is a final objective 
for the use of his skill and tools. He follows a definite plan (usually 
architects blue prints) to acquire his final construction objective. 

Likewise, laboratory apparatus is a tool used by the student to aid 
him in the study of scientific laws and finally arrive at a planned ob- 
jective of the science course. Therefore, before we can talk about the 
standardization of science apparatus, we must consider a standard 
course of study. Definite plans must be made as to why the course 
is offered—then what will be taught to reach the objective. With this 
information, and a definite planned course—laboratory apparatus can 
then be selected as an aid to reach the final objective. Apparatus 
should never be selected by simply leafing through a catalog and 
picking material at random. Many large cities have science com- 
mittees. These committees usually are comprised of the older, more 
experienced teachers of their school system. Their function is to out- 
line a definite course of study and prepare a list of apparatus for use 
with the course. In many instances, the course outlined, or the list 
of apparatus prepared, is not so iron clad that the teacher cannot use 
his individual teaching ability to obtain a more forceful demonstra- 
tion of a scientific law. Apparatus not on the standard list can be ob- 
tained on special order, by explaining how such a piece will benefit 
in the teaching of the course. Standardization of courses under such 
committees does have the advantage of giving a definite outline for 
guidance of less experienced teachers. Standardization of equipment 
for a standard course of study in a large city, usually permits lower 


* Presented at the General Science Section meeting of the Central Association of Science and Mathematics 
Teachers, November 27, 1953 at the Congress Hotel, Chicago. 
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prices, since a quantity of one piece of apparatus shipped to a com- 
mon warehouse can be packed more economically. This saving in 
handling is passed on to the consumer. 

County systems, where schools are administered by a county super- 
intendent and his personnel, can well afford to lay stress on the 
standardization of science courses. Teachers in many rural schools 
are young and inexperienced. Guidance in teaching and the requisi- 
tioning of science apparatus is an important function of county school 
administrators. 

Many state departments of public instruction have prepared either 
a guide for science teachers, a list of minimum or suggested equipment 
required, or both. Some states have a state adoption of text books and 
use the suggestions of the author of science texts as their science re- 
quirements. 

In June 1951, I wrote all state departments of public instruction, 
requesting copies of their requirements for high school science. Seven- 
teen states sent lists, nine states were either in the process of preparing 
lists or revising their present standards, fourteen states do not have 
specific requirements. Many of these states report that the local 
superintendent formulates the standards for his school—or that the 
schools follow the requirements of the text or laboratory manual 
used. Other states did not reply. 

Where a state department of public instruction has a teaching 
guide, they have a definite objective stated for the teaching of each 
science course. 

The United States Federal Security Agency, Office of Education 
has co-operated with the National Science Teachers Association, 
hundreds of school administrators, science instructors and architects 
and with this combined effort has combined their summary of their 
findings in ‘‘Misc. 17” bulletin entitled ‘Science Facilities for Sec- 
ondary Schools.’ This bulletin is obtainable from the U.S. Govern- 
ment Printing Office, at 25¢ per copy. Since this bulletin was re- 
leased in 1952, the facts stated therein should tell the present trend 
of science teaching. 

I have reviewed the bulletins received by me from the various state 
departments of public instruction. The objectives given by the state 
educators fairly well agree with that given in the Federal Government 
Bulletin—it should—since the Federal Bulletin was compiled after 
collaborating with educators from many sections of the country. 

In the Federal Bulletin they outline the purposes of science in- 
struction. This is followed by giving methods by which the purpose 
may be achieved. Since we are interested in general science. I will 
omit their comments on science in general and quote their comments 
on Junior High School science as follows: 
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“The science needs and interests of young people are related to such 
problem areas as health, safety, conservation, communication, trans- 
portation, scientific and technological vocation, and avocations, and 
atomic energy with its many implications. Their needs and interests 
also encompass their relationships with other persons. Science experi- 
ences related to these and other areas should be the basis for the 
curriculum in science at junior high school levels. In the secondary 
school there should be opportunites to study science materials and 
processes together with natural changes with increasing definiteness 
and organization. The general science course or courses should pro- 
vide a setting for such studies. There should be careful planning of 
the entire general science course so that students may build upon their 
elementary school experiences and reach general understanding of all 
the common principles and natural laws that are of general impor- 
tance to the boy or girl who lives in an age of science. Attention should 
be given to the earth sciences as well as to the biological and physical 
environment and man’s increasing control of it rather than the knowl- 
edge of organized science. 

“In the study of science there should be ever-increasing oppor- 
tunites for students as individuals to explore and study problems of 
special interest to themselves and thereby gain experience in independ- 
ent work on problems of scientific nature. The importance of team- 
work in science should also be recognized in group and committee 
work where students combine their skills and abilities in the study 
and solution of common problems. 

“The facilities for the junior high school science work should pro- 
vide opportunities for field trips and industrial tours, careful observa- 
tion and experimentation, the use of films and slides of scientific 
nature, the study of textbook and library materials, accurate expres- 
sion in talking, writing, and illustrating, and for personally and social- 
ly significant project work. This means that the classrooms should be 
arranged for direct experience with the basic and representative type 
of work that characterize activities of scientists.” 

Those of you who have worked on committees for state or city 
guidance of junior high school science teachers will agree that the 
overall objective given by the Federal Bulletin, as abstracted above, 
will coincide with your general objective. Some educators will dis- 
agree with some of the programs—and this can be expected—since 
such disagreement, when given constructively, tends to further the 
progress of science teaching. 

Some of the state department of education bulletins on science 
teaching in secondary schools expands their information 


a. By giving a general objective for all science teaching. 
b. By giving an objective for teaching of general science. 
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c. By giving a scope for general science for each of the seventh, eighth and 

ninth grades. 

d. By outlining a course of study to meet the objective of the course. 

An example of these bulletins is published by the State of Penn- 
sylvania Department of Public Instruction (Bulletin 400). One of 
their units is entitled ‘““How Should I Select and Care for My Cloth- 
ing.”” They outline the following objectives for this subject. 

“a. To acquire a better understanding of the clothing problem. 

b. To learn how to buy scientifically. 


c. To understand terminology on labels 

d. To learn about selling as a vocation. 

e. To know the correct steps for laundering. 
f. To study color combination. 


g. Other objectives developed in class.”’ 


They also suggest the following methods of achieving these ob- 
jectives 


“1. Collect many types of cloth. 
2. Distinguish fibers under the microscope. 
3. Test soap with borax, etc. 
4. Show how spots can be removed. 
5. Report on methods of moth-proofing. 
6. Show correct methods of dyeing. 
7. Report on modern washing-machines. 
8. Visit a clothing store—Hear talk by Manager.” 


Time does not allow further review of the entire outline. Further re- 
view can be made of this bulletin and the other excellent outlines 
suggested in other state bulletins, by obtaining their literature. 

Since many of these state bulletins show that the final objective 
for teaching general science agree with each other and with the Feder- 
al Bulletin—I will assume that those states that simply have a sug- 
gested list of equipment, but do not have a course outlined, have 
approximately the same general objective. They may not use the 
exact apparatus, in their suggestions or equipment, but are using a 
piece of apparatus to teach the same principle. For instance, five 
state lists suggest the use of Brownlee Electrolysis, one suggests the 
Hoffman apparatus and one, the Osborne type. 

It is also noted that some lists recommend one type of galva- 
nometer, voltmeter, ammeter, magnet, compass or some other electri- 
cal piece of apparatus, while another state list may recommend an- 
other type, the overall picture in this section of apparatus shows that 
their objective is the same—since all are attempting to select appara- 
tus to illustrate some of the principles of magnetism, electro-statics 
and electricity. 

(A tabulated list of apparatus from seven states was presented to the 
Section.) 

This list is a tabulation of all the apparatus suggested for the 
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general science teaching aids, as recommended by seven states. 
Analyzing these lists shows the following: 


31 items were common to all states lists 
28 items were common to 6 states lists 
36 items were common to § states lists 
45 items were common to 4 states lists 
56 items were common to 3 states lists 
114 items were common to 2 states lists 


266 items were used by one state list not appearing in another. 
Conclusion: 

Since all of the data used is to reach about the same common 
objective for teaching a general science course—there should be a 
better agreement between the different state lists. Educators should 
be interested in this type of standardization since it would bring 
about mass production on some items. This would tend to lower the 
cost of production. This saving would be passed on to the consumer 
in lower prices. 


THE MATHEMATICS INSTITUTE 
Sponsored by 
THE ASSOCIATION OF TEACHERS OF MATHEMATICS IN NEW ENGLAND 


The doors of the Massachusetts Institute of Technology will be opened from 
August 19-26, 1954, to the Sixth Annual Institute for Teachers and Professors of 
Mathematics. Here in the midst of America’s Trillion Dollar Row, just across 
Harvard Bridge from Boston, teachers of mathematics will live and work for 
one week, freed from the tension of every-day problems, and at a price that 
teachers can afford. 

The institute is progressive education at its best. The courses and lectures are 
planned for teachers by teachers. It is in no wise planned to take the place of 
summer school, and no college credit is given. However, several school systems in 
New England do grant teachers in service points or credits, and certificates of 
attendance are issued to teachers who attend all meetings. 

Institute members will be housed in Baker House, MIT’s swanky new dormi- 
tory, in which every room overlooks the Charles River, and has a marvelous 
view of the marble towers of Boston University, the weather signal atop the new 
John Hancock Life Insurance Building, and of Beacon Hill, itself. The commer- 
cial exhibits of textbooks and teaching aids, the displays of pupils’ work, and 
tables of mathematical games will be set up in the upper and lower lounges. 

MIT has generously offered to make the swimming pool, tennis courts, and 
sailing dinghys, available. Recreational opportunities in the Boston area are 
unique. The Institute, itself, will have one outdoor picnic, probably at the sea- 
shore, and will sponsor trips to the Boston Museum of Fine Arts, and to March 
Chapel of Boston University for an hour of organ music. 

For a full program write Mrs. M. Isabelle Savides, General Chairman, Levi F. 
Warren Junior High School, West Newton, Mass. 


Heating control for large buildings, schools, apartment houses and hospitals 
consists of an inside control panel and an outside “weather head.” The device 
regulates the building heat while compensating for weather, sun intensity, wind 
velocity and chimney draft. 





ARE THE COLLEGES AND THE HIGH SCHOOLS 
COOPERATING MOST EFFECTIVELY IN MEET- 
ING THE MATHEMATICAL NEEDS OF 
THEIR STUDENTS?* 


B. E. MESERVE 
University of Illinois, Urbana, Ill. 

This question lies at the very root of ‘“Today’s High School to 
College Situation in Mathematics.” I have been asked to discuss this 
situation with you as we see it at the University of Illinois. I shall de- 
vote my portion of this panel to a consideration of: 


The mathematical needs of college preparatory students 

Where these needs should be met, and 

Some discouraging and some encouraging signs relative to our meeting these 
needs more effectively 


WHat ARE THE MATHEMATICAL NEEDS OF 
COLLEGE PREPARATORY STUDENTS? 


How can we specify the mathematical needs of our students? 
Since mathematics courses differ greatly in content and the grades 
that students receive in the courses are often meaningless, we have 
tried, at the University of Illinois, to list the competencies that pro- 
spective college students should master. Since most college require- 
ments now specify two years of mathematics (usually algebra and 
geometry) or four years of mathematics beyond the eighth grade, the 
list has two parts to include these cases. The list was published by 
Professor Kenneth Henderson and Kern Dickman in the February 
1952 issue of the Mathematics Teacher' and by the committee that 
prepared it in a University of Illinois Bulletin.’ 

A list of competencies is not the final answer to our question re- 
garding the needs of students but it is a very good start. We have en- 
deavored to continue our specification of the mathematical needs of 
students through the development of an experimental mathematics 
program for grades 9 to 12, the development of a placement test in 
mathematics, and a program of information to inform high school 
students of the mathematical requirements of the college curriculums 
that they wish to enter. As you know, a student enters not only a 


* Presented at a panel on “Today’s High School to College Situation in Mathematics” at the Annual Meeting 
of the Central Association of Science and Mathematics Teachers, Chicago, Illinois, November 28, 1953. 

? Kenneth B. Henderson and Kern Dickman, “Minimum Mathematical Needs of Prospective Students in a 
College of Engineering,” Mathematics Teacher, XLV (February, 1952), pp. 89-93. 

® Mathematical Needs of Prospective Students at the College of Engineering of the University of Illinois. Univer- 
sity of Illinois Bulletin, Vol. 49, No. 9, Urbana, Illinois (September 1951). Prepared by Professors R. P. Hoel- 
scher and M. O. Schmidt from the College of Engineering, W. A. Ferguson and B. E. Meserve from the Depart- 
ment of Mathematics, K. B. Henderson (Chairman) and Mr. K. W. Dickman from the College of Education. 
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college or a university but also a curriculum in that college. The 
mathematical needs of a college preparatory student depend upon the 
curriculum that he wishes to enter. 

The article entitled “Mathematical Preparation for College’ in 
the May 1952 issue of the Mathematics Teacher reflects our work at 
the University of Illinois and has been useful to many students and 
teachers. Most college preparatory students need at least two years 
of mathematics beyond the eighth grade (usually algebra and geom- 
etry). Many students, especially those in scientific fields, need at 
least four years of mathematics beyond the eighth grade. 


WHERE SHOULD THESE MATHEMATICAL NEEDS BE MEr? 


I have heard a high school teacher agree that college preparatory 
students need at least two years of mathematics beyond the eighth 
grade and still shrug off any responsibility with the comment—oh, 
well, any student with brains enough to go to college can learn his 
algebra and his geometry after he gets to college. This attitude places 
a severe handicap upon the time, the finances, and the life of the 
student. It does NOT meet his needs. 

Recently I have been helping a student who was salutatorian of 
his high school class last year and who is having trouble in freshman 
algebra and trigonometry. Since he wants to be an electrical engineer, 
the mere fact that he has to take these courses in college means that 
he will need more that four years to get his degree. But his difficulties 
are even more serious. As one would expect from the salutatorian of 
his class, he can follow instructions. But he just does not have the 
elementary mathematical tools to use in his work. He can not readily 
divide 32 by 4, or find the square root of 64. He does not know his 
multiplication table. Probably a full year of his life will be sacrificed 
because of the refusal of his previous teachers to meet his mathemati- 
cal needs. His case may be extreme but it is not isolated. 

More and more colleges are asking that the high schools be more 
thorough in their treatment of the fundamental concepts and leave 
advanced topics (such as those on the supplementary list in the IIl- 
inois Bulletin) for the colleges. Every student should have an oppor- 
tunity to prepare himself or herself to become an engineer or a scien- 
tist. If his high school does not offer the necessary courses (and many 
small schools can not), he should be able to take these courses by 
correspondence or receive guidance while he prepares himself for 
examinations over the material covered in the courses. 


3 P. D. Edwards (Ball State Teachers College), P. S. Jones (University of Michigan), and B. E. Meserve 
(University of Illinois), “Mathematical Preparation for College,” Mathematics Teacher, XLV (May, 1952), pp. 
321-330. Reprints are available from the National Council of Teachers of Mathematics, 1201 Sixteenth Street, 
N.W., Washington 6. D. C. 
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Since most college curriculums require mathematics and many 
students change curriculums, practically all college preparatory stu- 
dents should take at least two years of high school mathematics. It is 
higly desirable and often necessary for many students to take four 
years of mathematics including college algebra and trigonometry 
in high school. 


DISCOURAGEMENTS AND ENCOURAGEMENTS 


Are the colleges and the high schools meeting the mathematical 
needs of their students most effectively? Certainly progress is being 
made. But there is still considerable room for improvement. There are 
many currents and cross-currents of educational philosophy and 
practice. Some of these appear to destroy and others to enhance our 
effectiveness in meeting the needs of our students. 

Among the present sources of discouragement, we have: 


Vicious criticisms and name-calling—both ways. 

The failure of many high school teachers to recognize, and to try to meet the 
mathematical needs of their students 

The failure of many liberal arts professors to recognize as worthy of their 
attention—the training of teachers, the improvement of subject matter 
content, and the improvement of methods of teaching in public schools 

The insistence that athletics, bands, plays, . . . must be of professional quality 
while teaching appears to be relegated to a subordinate position to be under- 
taken whenever it does not interfere with other activities 

The purposeful selection of advisers and guidance personnel who have prac- 
tically no knowledge of the subjects about which they are advising the 
students 

The insistence that all students—bright and dull, interested and bored 
must progress at the same rate over the same topics with the same amount 
of time on each topic, and must all be promoted, and 

The assumption that anybody can teach mathematics—it’s all in the book, 
even the answers 


Our principal source of encouragement is in the increasing aware- 
ness of the problems of the public schools and the increasing coopera- 
tion among schools, colleges (both liberal arts and education), and 
administrators in the search for more effective ways to meet the 
needs of the students. For example: 


The various colleges at the University of Illinois have cooperated in the de- 
velopment of teacher training curriculums. 

Representatives of three colleges at the University of Illinois worked with 
teachers from nine high schools in developing the lists of mathematical 
needs of students who are preparing to enter college algebra and of students 
who are preparing to enter analytic geometry. 

Representatives of the Colleges of Engineering, Education and Liberal Arts 
and the University High School initiated our experimental mathematics 
program for grades 9 to 12 and are now cooperating with high school teachers 
from Barrington and Blue Island in the development of the ninth year 
course. More extensive cooperation is anticipated as the courses develop. 

Also representatives of the Illinois Council of Teachers of Mathematics and 











302 SCHOOL SCIENCE AND MATHEMATICS 


the Illinois Section of the Mathematical Association of America recently pre- 
sented the carefully considered views of these mathematical organizations 
upon a proposed GUIDE TO SUPERVISION, EVALUATION, AND 
RECOGNITION OF ILLINOIS SCHOOLS (Kindergarten through Junior 
College) to a committee selected by the Superintendent of Public Instruction 
to prepare the GUIDE. 


I hope that such examples are merely illustrative of the construc- 
tive work in other universities and other states. I feel that these 
examples illustrate the active cooperation that provides our best 
hope for improving “‘Today’s High School to College Situation in 
Mathematics.”’ 


WISCONSIN TESTS THE FOUR-WHEEL DRIVE 


After seven years of testing in a truck research project, University of Wiscon- 
sin engineers report that in many ways, the all-wheel drive vehicle is superior 
to either rear-wheel or front-wheel drives. 

Here are some of the points the research revealed: 

1. In tractive ability—the ability to get a vehicle going—the all-wheel drive 
is superior, followed in order by the rear-wheel, then the front-wheel drive; 

2. Fuel consumption of the all-wheel drive and the two-wheel drive, either 
front or rear, is essentially the same; 

3. Overall tire wear on both straight trucks and truck tractors ranges from 25 
to 37 per cent less on all-wheel drives. 

The UW truck research project, under the direction of Prof. Archie Easton 
of the University College of Engineering staff, has been supported by four 
Wisconsin industrial firms. 

During its seven years, the tests have been conducted throughout the year, 
with special winter driving tests each year on the ice and snow of Pine Lake 
near Clintonville, Wis. 

The project has shown that “skidding” on wet, slippery pavements is almost 
eliminated with four-wheel drive, and “jacknifing’’—literally sure death on the 
highway when the truck cab suddenly goes off at a sharp angle to the truck 
trailer—is almost impossible with a four-wheel drive truck tractor under power. 

“Of the three types of drive, the rear-wheel drive is most unstable when the 
drive wheels are over-powered,”’ Easton says. “This is characterized by ‘fish- 
tailing’; skidding, or loss of control on both a curve and on a straightaway. 
Spinning the drive wheels on a front or all-wheel drive causes no ‘fishtailing’ 
or skidding on the straightaway, and no tendency to go into a flat spin or skid 
on a curve. 

“With a moving truck tractor on a slippery surface, the rear-wheel drive unit 
is limited to recovery from a maximum jackknife angle of about 35 degrees, 
which approximates the maximum steering angle,” he says. 

“With front or all-wheel drive, it is possible to recover from a jackknife angle 
approaching 90 degrees on a slippery surface,” he reports. “It follows that if 
recovery from such high angles is possible, the tendency to go into a skid or 
jackknife is at a minimum with front or all-wheel drive.” 

Easton’s research has shown that steering is about equally easy and effective 
for all types of drive—front, rear, or all-wheel—but he says that power delivered 
through the steering wheels minimizes loss of steering control by preventing 
the locking of the front wheels during a braking operation. 

Considering the four-wheel vehicle, the four-wheel drive is to acceleration 
speed and power—what four-wheel brakes are to deceleration—slowing down 
and stopping—he says. 








THE ELEMENTARY SCHOOL SCIENCE LIBRARY 
FOR 1952-1953 


Pau E. KAMBLY 
School of Education, University of Oregon, Eugene, Oregon 


This is the tenth yearly list of reference books for elementary school 
science compiled and published in ScHoot SCIENCE AND MATHE- 
mATICS. The purpose, like that of preceding lists, is to suggest to ele- 
mentary school teachers, books that are supplementary to basic text 
series either for their values as sources of information or for recrea- 
tional reading. Certain books, included primarily because of assumed 
value as recreational reading are below desired standards of good 
sources of science information. The sub-division topics are of no signif- 
icance except as an aid in grouping the references. 

The grade levels indicated are the lowest in which it is recom- 
mended that the books be used. Exact grade placement is difficult 
because of variations in pupil reading ability as well as differences in 
how the books are used. The recommendations and the brief annota- 
tions are based on an examination of each book listed. 


REFERENCE BOOKS FOR ELEMENTARY SCHOOL SCIENCE! 
Animals 
(See also list of books on birds and insects) 


Grade Price 

All Kinds of Babies and How They Grow. By Millicent Selsam. 

Ph. Sy CE Wks WT Cs oi d-oku aves us ance uwace sed 1 $2.00 
The young of some animals look like their parents when they 

are hatched or born. Others go through a metamorphosis. 

The text is simple and the illustrations are large. 

A Time for Sleep—How the Animals Rest. By Millicent Selsam. 

a, “ats WU Ms MEE gcc sav Sodecedbaneusubeceen ae 3 2.00 
Where and in what positions do various animals rest? The 
illustrations help to develop the concept that all animals must 
rest and store up energy for the activities involved in living. 

Bun, A Wild Rabbit. By Joseph Wharton Lippincott. 116 pp. 
ER Bs Fe a re 4 1.85 
This is a revised edition of a story first published in 1918. The 
adventures of a rabbit as he grows to maturity are interest- 
ingly presented and there is much authentic information 
about other animals found in the woods. 

Earthworms. By Dorothy Childs Hogner. 48 pp. ’53. Crowell. 4 2.00 
Includes external and internal structure and how earthworms 
carry on the life functions. A very good reference book for any 
child who is interested in worms. 

Fiddler Crab. By Mary Adrian. 44 pp. ’53. Holiday........ 4 2.00 

The life cycle of a fiddler crab is explained in interesting style. 

Accuracy of details were checked by a competent geologist. 

Especially recommended for schools near the coast. 


1 Publishers and their addresses are listed as the end of this section. 
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Little Red—The Fox. By Joseph Wharton Lippincott. 128 pp. 
IR ii oo kh bd os che take nedae daatues 6eceaee 
This is a revised edition of a story first published under the 
title ““Red Ben, the fox of Oak Ridge.” It includes much in- 
teresting information about animals other than foxes. 

Lone Muskrat. By Glen Rounds. 124 pp. ’53. Holiday . 
An interesting story of a lone muskrat survivor of a forest fire 
who finds a new pond, spends the winter alone, and finds 
another muskrat colony in the spring. 

Odd Pets. By Dorothy Hogner. 161 pp. ’51. Crowell by 
A book with outstanding photographs of odd pets. The last 
chapter tells about cages and aquariums and how to make a 
simple collection outfit. 

The Black Bear Twins. By Jane Tompkins. 113 pp. ’52. Lippin- 
ae ed a BN a iG ia vn huh as Sve, i dck & bane a ase as Wid 
There is much information about how bears live but many 
teachers will object to the “conversations” carried on by the 
animals. 

Zoo Babies. By William Bridges. 95 pp. ’53. Morrow. 

Stories about young animals at the New York Zool ogic: al 
Park written by the Curator of Publications. Many of the 
excellent photographs in this book would interest primary 
grade children. In fact anyone interested in animals will en- 
joy this book. 

Pets: Wild and Western. By Elmo N. Stevenson. 163 pp. ’53. 
SR aR eS a A ates ee eee es) er eer 
Stories about a badger, coyote, magpie, porcupine, ce 
waxwing, fence lizard and seven other animal pets 


Astronomy 


Star of Wonder. By Robert R. Coles and Frances Frost. 48 pp. 
Ss ees od pn ah aly od Ge mange + 
A planetarium story most ‘appropriate at Christmas time. 
David and Jean are taken back to the first Christmas to ex- 
plore the question of the wonderful star. 

Planet X. By Mildred S. Kiefer. 63 pp. 753. Messner 
A story that tells how astronomers work. Includes some in 
formation on the planets. 

The Sun. By Herbert S. Zim. 62 pp. ’53. Morrow. 
Answers many questions about the star most important to us. 
Information about heat, light, sunspots and the importance 
of the sun in maintaining life on the earth and in helping man 
get work done. 

A Dipper Full of Stars. By Lou Williams. 180 pp. ’50. Wilcox 
Most of the important star groups of the Northern Hem- 
isphere are described. The myths concerning these groups are 
included. There are 92 drawings and photographs that sup- 
plement the text. 


Birds 


Downy Woodpecker. By Paul McCutcheon Sears. 44 pp. ’53. 
a ne a cla ihn ela ing aye A 
One year in the life of a downy woodpecker, beginning at the 
time he is digging a winter hole and ending after he has 


mated, helped raised the young birds and must again dig a 


hole in which to spend the winter. 
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Robins in the Garden. By Olive L. Earle. 64 pp. ’53. Morrow. . 
An interesting well illustrated story of the life of a family of 
robins through one nesting season. 

Parakeets. By Herbert S. Zim. 64 pp. ’53. Morrow........... 
An essential book for anyone who is interested in parakeets. 
Explains how to raise, train and breed the birds. 

The Hungriest Robin. By Peter Thayer. 63 pp. ’53. Messner. . 
A story that includes material on seasonal changes, food 
habits and migration of birds. 

Birds and Planes: How They Fly. By John Lewellen. 130 pp. 
53. Crowell itiens ca 
A comparison of man’s and nature’s flying machines. Easy- 


1 


to-read with many illustrations. 
General Nature Study 


Sea Shells. By Ruth H. Dudley. 145 pp. ’53. Crowell........ 
All the information about shells that any young naturalist 
needs to know to begin collecting. An excellent reference for 
a unit on seashore animals. 

Trouble at Beaver Dam. By Florence Tchaika. 63 pp. ’53. Mess- 
ner. J 
A story emphasizing the value of conservation in wildlife 
management. Includes some information on the social life of 
beavers 


General Science 


Allan and Trisha Visit Science Park. By Caroline Harrison and 
Bradford Washburn. 59 pp. ’53. Little, Brown............ 
A story of a trip to the science museum. The children learn 
about porcupine quills, a snake’s tongue, an African watering 
hole, jet engines and many other interesting things. 

What’s Inside of Engines? By Herbert S. Zim. 32 pp. ’53. Mor- 
TOW » ; 
Pages of large type with illustrations explain what goes on 
inside a steam engine, a gasoline engine, a diesel, a steam 
turbine, a jet engine, and a rocket. There are also pages in 
smaller type to be read aloud by adults or older children who 
use the book. 

What’s Inside the Earth? By Herbert S. Zim. 32 pp. ’53. Mor- 
row . (nek e ene ee é 0000 08 8 ee 468 & e080 
What’s inside a mine, a cave, a well, a volcano, and a moun- 
tain, also “‘What causes an earthquake.” There are pages of 
large type and illustrations for children. Other pages of 
smaller type are for adults to read to children. 

Herbert the Electrical Mouse. By Marie Bloch. 63 pp. ’53. Mess- 
ner bh ace lngh 4 ati aaa a PO Ne ot laa yg ee 
Basic information on static and current electricity woven 
into the story of the mouse. 

Oliver Becomes a Weatherman. By Jack Bechdolt. 63 pp. ’53. 
Messner Poe a Ah Plaed - Pe hing h By Kah 
Primarily a story book. Describes how to set up a home 
weather bureau. 

Oliver Sounds Off. By Jack Bechdolt. 63 pp. ’53. Messner... . 
A story that explains what sound waves are. Suggests simple 
sound experiments. 

Riches From the Earth. By Carroll Lane Fenton and Mildred 
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Grade 
4 


Adams Fenton. 159 pp. ’53. Day................. 7 
An excellent reference book on materials from the earth. In- 
cludes information about their uses in ancient times and their 
most important present day uses. There are forty-four il- 
lustrations. The text is easy reading except for the technical 
words. 

The Marvelous Magnet. By Harry Sootin. 63 pp. ’53. Messner. 
A story that includes the fundamentals of magnetism. De- 
scribes several experiments with permanent and electro- 
magnets. 

Water, Water Everywhere! By Mary Walsh. 48 pp. ’53. Abingdon. 
The water cycle is very well presented at the beginning of this 
book. The following chapters describe quiet waters, running 
waters, the coastline and the ocean. There are good illustra- 
tions to supplement the text. 

More Power to You. By Herman and Nina Schneider. 128 pp. 
TCP re ae 
Text and diagrams describe the power of wind, water, steam, 
gasoline and diesel engines, electricity and a variety of new 
engines and fuels. 

Science Fun with Milk Cartons. By Herman and Nina Schneider. 
Te re 
Milk carton constructions to illustrate the scientific princi- 
ples in dump trucks, bridges, railroad cars, boats, elevators 
and other structures. 

Stepping Stones to Light. By Richard W. Bishop. 182 pp. ’52. 
airs ina hs Ba ot Broce ants Gulp acd 
The lives and work of the men who made contributions that 
led to the development of modern electric lighting. Von 
Guericke, Gilbert, Galvani, Franklin, Ohm and others. 

The First Book of Electricity. By Sam and Beryl auaie 70 pp. 
5 Oy ESS een ae eri ee 0 0 ails a ON 
A beginners explanation of ‘electricity: how it is ‘generated, 
transmitted and used in home appliances. Easy experiments 
with batteries are included. 

Insects 

Tiger—The Story of | a Swallowtail wna By Robert M. 
McClung. 48 pp. ’53. Morrow................ 

The egg, larva, Fadia and adult are described and il- 
lustrated. A book children can read. Details are accurate. 
Collecting Cocoons. By Lois J. wien and Catherine Pessino. 

70 pp. ’53. Crowell. RR i re eee 

Where and when to look for cocoons, how to build c: ges for 
them, when the moths emerge. Written in easy-to-read 
language and well illustrated. 

The Junior Book a Insects. By Edwin May Teale. 249 pp. ’53. 
Dutton. aM ED 4de- Dink o's 0:4 ad dhe Nhe 
First printed in 1939. This is the eighth printing and is a new 
and completely revised edition. It should be a useful refer- 
ence book in any elementary school library. 


Physiology 


The Wonderful Egg. By G. Warren Schloat, Jr. 45 pp. ’52. 
a re ete a kniads cud Oa aqnha tie Ae tas Fan 
Primarily a book of photographs with appropriate text. 
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Grade Price 
Where do eggs come from? How does the chicken get into the 
egg? How does it grow? How does it get out of the egg? 
What's Inside of Animals! By Herbert S. Zim. 32 pp. ’53. Mor- 


row Lda ag tae on ee 3 175 
What’s inside of a clam, a starfish, an earthworm, a grass- 
hopper, a fish, a frog and a dog? Large type for children and 
pages of smaller type to be read to children by adults. Good 
illustrations to supplement the text. 
A Chimp in the Family. By Charlotte Becker. 63 pp. ’53. Mess- 
ner Po 1.60 
A story that stresses the importance of good health habits 
and ways to prevent the spread of germs. 
Skinny Joins the Circus. By Lee Bloomgarden. 63 pp. ’53. 
Messne1 4 1.60 
A circus story that brings out the essentials of a balanced 
diet 
Trapped in the Old Mine. By Alvena Seckar. 63 pp. ’53. Messner. 4 1.60 
A story that includes the basic facts of respiration and ven- 
tilation. 
Plants 
Flower Box Surprise. By Gertrude Blane. 62 pp. ’53. Messner. 4 1.60 
A story of growing plants in a city. Includes the essential 
conditions for plant growth and suggests experiments with 
seeds. 
The Treasure of Greenbar Island. By Judy Ellis. 63 pp. ’53. 
Messner 4 1.60 
\ story that brings out the relation of soil to plant growth. 
Microbes at Work. By Millicent E. Selsam. 95 pp. ’53. Morrow. 5 2.00 


The four parts of this book are “The World of Microbes,” 
“Discouraging the Microbes,” “Encouraging the Microbes,”’ 
and ‘‘The Living Soil.”’ This is a good beginners reference on 


bacteria | molds. There are many simple experiments in- 
cluded. 
The First Book of Plants. By Alice Dickinson. 93 pp. ’53. 
Watts Lackcamesine te almmaatioas wane 5 1.75 
Some information about bacteria, algae, fungi, lichers, ferns, 
mosses, and seed plants. A good beginners reference. In- 
cludes many illustrations of plants and plant parts. 
Trees and Trails. By Clarence J. Hylander. 237 pp. ’53. Mac- 
millan ae Seated Seabee idan Be ica cas : - 3.00 
The identifying features for over 150 different trees. Photo- 
graphs and drawings supplement the text. 
Transportation 
Who Built the Highways! By Norman Bate. 53 pp. ’53. Scrib- 
ners. e eee eee in He 2.50 
A picture story which includes bulldozers, power shovels, 
graders, and other machines all of which are “willing” to 
build a highway from Big Town to Little Town. 
The First Book of Boats. By Margaret Gossett. 44 pp. ’53. 
Watts . 4 1.75 
An introduction to many kinds of craft that are used on 
water. 
The Tractor Book. By Margaret and Stuart Otto. 94 pp. 53. 


Morrow ee a a ees. 2.50 
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Grade Price 
A photographic picture book of 43 different types of tractors. 
The text explains what they are used for and how they work. 

Experiments with Airplane Instruments. By Nelson Beeler and 
Franklyn Branley. 111 pp. ’53. Crowell.................. 5 2.50 
All the experiments can be performed with materials found 
in most homes. Explains the functions of many airplane in- 
struments such as the altimeter, compass, air-speed indicator 
and tachometer. 

How to Improve Your Model Railroad. By Raymond F. Yates. 
i aa ont is ned aio ae BK aa : 2.00 
An essential book for boys who have model railroads. It tells 
how to make the components of a model town and other in- 
teresting items out of readily available low cost materials. 

It includes many drawings and diagrams. 
The First Book of Space Travel. By Jeanne Bendick. 69 pp. ’53. 
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the known facts about various bodies in the universe are in- 

cluded. This book will be extremely popular with many 

children and serves a useful function as a science reference. 

The story of Alberto Santos-Dumont who is regarded by 
Brazilian children as the great pioneer of flying in the same 
way that American children regard the Wright brothers. 

Flight Today & Tomorrow. By Margaret O. Hyde. 135 pp. ’53. 
ARES SC AS: SINE ORE er en 6 
An introduction to flying. Explains the principles of flying 
and how each part of a plane works. Jet planes and rockets 
are also discussed. 

Ships and Life Afloat From Galley to Turbine. By Walter Buehr. 
me Eee re er ee 6 3.00 
“An Illustrated History of the Development of Ships and 
Navigation, and of the Life Craftsmanship, Discipline, Food 
and Costume of the Mariner in Peace and War.” 


NR 
un 
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Watts: Franklin Watts, Inc., 119 West Fifty-seventh Street, New York 19, 
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ARITHMETIC EASIER NOWADAYS 


Watson Davis 
Director, Science Service 


Of the time-honored three R’s—writing, reading and arithmetic—arithmetic 
has long been the worst headache, not only for children, but for teachers. 

The trouble is the way it has been taught. That is what the educational ex- 
perts of Teachers College, Columbia University, believe and they have demon- 
strated it. 

Prof. Howard F. Fehr, head of the mathematics department at this famous 
educational institution, has demonstrated through several years of experience 
that arithmetic is easy to learn when the children are taught what the numbers 
mean. 

There is no more starting in with 2 plus 2 equals 4, and 4 plus 4 equals 8. 
Instead, the teaching trick is to show that two things and two more things are 
four things. The children learn their arithmetic by using objects. They may be 
pennies, nickles or dimes. Or they may be dolls, balls, pegs, rings, books, sticks 
or almost any combination of things that can be arranged and rearranged in 
different groups. 

Even counting on one’s fingers is not taboo in this new educational method. 

The method is in one sense quite old fashioned and extremely logical. For num- 
bers are used to represent things or groups of things. It is only because we get 
so used to them and take it for granted that they represent things that we think 
of numbers as abstract entities in themselves, It is all wrong, say the educators, 
to attempt to have children memorize those multiplication tables until they do 
understand and grow up to realize that numbers are simply useful symbols. 
The development approach to arithmetic, which the new method is called, has 
already had some five years of experience in the New York City school system 
and it is being adopted throughout New York City and other areas as fast as 
teachers learn how to teach it. 

With the fortunate children who acquire their arithmetic by the new method, 
arithmetic becomes a game. Often the problems are acted out. Learning becomes 
fun instead of a lesson. 

It isn’t recess and yet this group of boys and girls are actually playing with 
shiny colored balls. Two balls are taken away from a group of five. This is sub- 
traction. One of the youngsters rolls a ball into the group. That is addition. And 
now a group of six balls is separated into two groups of three balls each. This is 
division. If you have a number of groups of five balls each, for instance, and 
two or more of them are combined, that is multiplication. 

The idea is to present arithmetic as concretely as possible. The new kind of 
teaching is aimed at having children study and think out situations, not just 
learn things by rote. By these means the children begin to understand and de- 
velop the mathematical concepts clearly. Only later do they make written com- 
putations and much later they apply what they learned so pleasantly to their 
own lives, figuring out their little budgets, helping to do the family shopping and 
keeping scores for their own games. 











INSTRUCTIONAL MATERIALS FOR 
BIOLOGICAL RELATIONSHIPS 


SAM 8S. BLANC 
East High School, Denver 6, Colorado 


Ecology is an area in which the relationships of plants and animals 
with their environmental factors are best studied in the field where 
such relationships exist. Would it but be practical, this entire unit 
could well be taught on an extended field trip covering the country. 
Unfortunately, most school situations do not permit such types of 
study. However, desert conditions, forest conditions, swamp condi- 
tions, and other types of environmental relationships should be 
available for study not too far from the school. The pupils should be 
taken to these areas prepared to learn and to understand what is 
being studied. In arranging field trips to study these factors, only one 
type of environment should be visited at one time. This allows for 
concentration on the total picture making up that ecological rela- 
tionship. Pupils will want to collect specimens and objects related to 
each type of environment. These may be brought to class and ar- 
ranged in exhibits to demonstrate some of the concepts gained. 

A logical outgrowth of such an activity might be the construction 
of an aquarium and a terrarium. To prepare a simple but useful 
aquarium, any large glass container may be used. Two or three 
inches of clean, washed gravel or sand is placed on the bottom. A 
drinking glass should be placed on the gravel so that when water is 
poured into the aquarium excess turbidity is avoided. The tank is 
filled with ordinary tap water to within two inches of the top Any 
suitable water plants may then be placed in the aquarium, and most 
small fish will thrive in that condition. A general rule to follow is to 
have one inch of fish for every gallon of water. Several small snails 
will act as scavengers in the tank. If the aquarium becomes “‘sour” 
after a few days, remove some of the animal life or increase the 
amount of plant life. When microscopic plants begin to grow on the 
sides of the tank, remove the water and the specimens and scrub the 
tank with scouring powder. A glass plate should be kept on the top 
to prevent undue evaporation, and the aquarium should be kept in 
a well-lighted place. Direct sunlight, however, should be avoided. 

A desert terrarium for horned toads, small lizards, or suitable 
snakes may be prepared by covering the bottom of a tank with four 
inches of dry, clean sand. A few rocks should be arranged to provide 
hiding places for the animals. A shallow dish of water buried level 
with the surface of the sand will provide all the water necessary. 
A few small cacti, or other dry-land plants, will add a realistic effect to 
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the terrarium. Live insects and mealworms will keep the animals 
well fed. 

Other interesting variations of aquaria and terraria may be worked 
out by the teacher. A few of these are as follows: 

1. An aquarium of water insects 

2. An aquarium for salt-water animals 

3. A terrarium for swamp-living animals 

If the teacher and some of the pupils are interested in photography, 
many excellent Kodachrome slide series may be made of the various 
types of environments visited. These may well become a permanent 
part of the classroom displays if they are mounted in a small case 
with a light in back of the slides. In this way the sparkling colors of 
the transparencies are brought out. The making of dioramas to repre- 
sent the plant and animal life found in each type of environment 
studied may also be carried on as a group project. Using cardboard 
for a painted background, the diorama may be constructed from such 
simple materials as twigs of plants, modeling clay, pipe cleaners, and 
paint. The foreground figures should not be mere cut-outs. A true 
appearance is possible only if the plants and animals represented in 
the foreground are three-dimensional and as realistic in appearance 
as possible. For a greater illusion of reality, the background should 
be curved and painted so that the foreground blends into it. Lighting 
the diorama with concealed lights at the top and sides adds much to 
the attractiveness of the display. 

A number of excellent motion pictures are available in this area. 
To bring in environments which are not commonly found in the 
vicinity of the school, the one-reel film, Arctic Borderlands in the Win- 
ter (COR), made in either black and white or color, shows the adap- 
tations of plants and animals in an area just south of the Arctic Circle. 
The migrations and color changes of the animals, as they prepare for 
the winter, are shown. Wild Life of the Desert (BF) is a one-reel film 
which shows how plants, animals, and men adapt themselves to 
desert conditions. Other films suitable to develop various concepts 
in this are listed below: 


1. Climbing Plants 1 reel, b & w, UWF 

2. The Desert 1 reel, b&w, ABP 
color 

3. Life in an Aquarium 1 reel, b & w, YAF 

4. The Mountains 1 reel, b & w, ABP 
color 

5. Plant Traps 1 reel, b & w, EBF 

6. The Seashore 1 reel, b& Ww, ABP 
color 

7. Self Defense by Plants 1 reel, b & w, UWF 

8. The Valleys 1 reel, b & w, ABP 


color 
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9. What Makes a Desert 1 reel, b & w, YAF 


A number of filmstrips have been produced in this area. Two 
series in color have recently been released. A series of five filmstrips, 
Behavior of Animals and Plants (CF), shows the behavior patterns 
and survival adaptations of a variety of plants and animals. Animal 
Environments (CF), a series of eight filmstrips, enlarges upon the 
above theme by showing the adaptations of different animals to a 
variety of environments. Other filmstrips available to the teacher 
are listed below. 


1. Communities of Living Things 47 frames, color, PSP 

2. Interdependence of Plant and 144 frames, b & w, EGH 
Animal Life 

3. Plant Survival 30 frames, b & w, UWF 

4. Some Desert Plants and How 50 frames, b & w, SVE 


They Live 
SOURCES OF MOTION PICTURES AND FILMSTRIPS 
ABP —Arthur Barr Productions, 6211 Arroyo Glen, Los Angeles, Calif. 
BF —Bailey Films, 6509 DeLongpre Ave., Hollywood, Calif. 
CF —Curriculum Films, 10 E. 40th St., New York, N.Y. 
COR —Coronet Films, 65 East South Water St., Chicago, IIl. 
EBF —Encyclopaedia Britannica Films, 1150 Wilmette Ave., Wilmette, III. 
EGH—Eye Gate House, 330 W. 42nd St., New York, N.Y. 
PSP —Popular Science Publishing Co., A-V Division, 353 Fourth Ave., New 
York, N.Y. 
SVE —Society for Visual Education, 1345 W. Diversey Pkwy., Chicago, III. 
UWF—United World Films, 1445 Park Ave., New York, N. Y. 
YAF—Young America Films, 18 E. 41st St., New York, N.Y. 





WORKSHOP FOR TEACHERS OF MATHEMATICS AT INDIANA 
UNIVERSITY 

Indiana University is offering for the seventh time its ‘‘Workshop for Teachers 
of Mathematics.” This is a two weeks’ workshop beginning at 2:00 o’clock June 
21 and closing at 4:00 p.m. July 3. The program consists of three types of activi- 
ties. Representatives from industry, business, science and related fields will lec- 
ture each day on problems pertaining to mathematics. An instruction and activ- 
ity period will be held in the mathematics laboratory where workshop members 
may try their hands at construction. There will also be group discussions and 
conference work on special problems of interest to the different members of the 
group. 

Two and one-half hours of graduate credit are offered for those who wish it. 
They should enroll for Education S607, Improving the Teaching of High School 
Mathematics, at 1:30, June 21, at the Administration building. Those who do 
not want university credit may participate without charge. 

A tentative program may be obtained about the first of June by writing to the 
Director, 

Mr. Walter Gingery 

Visiting Instructor in Education, and 
Mathematics Teacher, University School, 
Bloomington, Indiana 





PRIME NUMBERS IN SEQUENCES 


WALTER H. CARNAHAN 
Purdue University, Lafayette, Ind. 


When one considers a list of prime numbers, there are two features 
that stand out prominently. One of these is the apparent irregularity 
of the distribution of these numbers, and the other is the frequency 
of the occurrence of twin primes, that is, primes whose difference is 2. 
It is the purpose of this paper to record some observations concerning 
regularities in the distribution of some prime numbers and to relate 
these regularities to twin primes. 

Between 1 and 100 there are eight pairs of twin primes. They are 
3,5; 5,7; 11,13; 17,19; 29,31; 41,43; 59,61; 71,73. 

Let 7, and 7: represent the first and second numbers respectively 
in any pair of twin primes, and consider the two functions 


fi(x) =7T,+2(x+1) 
fo(x) =72—2x(x+1). 


(Note that x (+1) is the sum of the first x even integers.) By giving 
a“ the values 0, 1, 2, - - - , we can get an unlimited number of values 
for f; (x) and for fz (x). Of course, we can choose to impose some re- 
striction that would limit the number of terms to be considered. In 
the examples that follow I combine values of f:(x) and f2(x) into one 
sequence. Negative as well as positive numbers are included. 

T,=3, T2=5: —7, —1, 3, 5. Three primes. 

T,=5, T2=7: —23, —13, —5, 1, 5, 7, 11, 17. Seven primes. 

T;=11, T:=13: —59, —43, —29, —17, —7, 1, 7, 11, 13, 17, 23, 31; 41, 
53, 67, 83, 101. Fourteen primes. 

P17, Tom 19: ~191,. ~168. —187, ~894, <9; Th, «8h, =, 
—23, —11, —1, 7, 13, 17, 19, 23, 29, 37, 47, 59, 73, 89, 107, 127 
149, 173, 199, 227, 257. Twenty six primes. 

T,\=41, Ts=43: fo(x) gives 25 primes for x= 30 to x=0; fi(x) gives 

40 primes for «=0 to x=39. The combined sequences contain 1 and 

three primes repeated. There is a total of sixty one distinct primes. 

There are three composite numbers among the sixty nine values. 

T,= 107, T.=109: fo(x) gives fifty seven primes for x=0 to x= 64, 
fi(x) gives twenty four primes for x=0 to x=29. There are seventy 
six different primes. In the sequences there are — 1 and thirteen com- 
posite numbers. 
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The list of examples could be further extended but enough cases 
are given to illustrate the relation beetwen some prime numbers and 
twin primes. 

Attempts have been made to write formulas that would give primes 
and only primes when constants are substituted for the variables in 
a formula. No such attempt has ever been successful. The functions 
fi(w) and fo(x) given above give many primes for certain values of 7, 
and 72, as I have illustrated. The non-primes, 1 and —1, and com- 
posite numbers also appear in these number sequences. In each of the 
examples given we can limit x so that only primes result. For example, 
if 7,=41 and 7,.=43, we get only primes for f(x) if « has the values 
x=0 to x= 39. We get only primes for f2(x) if x has the values x= 2 to 
x=6 and x=8 to x=18. 

It is easy to show that 


fil nT; )= Ti( 1+n+n°7);) 
fi(nT,—1) =T\(1—n+n’*T}) 
fo(nT2) = T2(1-n—n?*T>2) 


fo(nT2—1) = 7T2(1+n—n°T2). 


Hence f;(«) represents a composite number for x="7; andx=n7T\—1: 
f(x) represents a composite number for x=nT, and for x=n7.—1. YJ 
we are interested only in prime numbers in the sequences, we must 
consider that every sequence of the nature here considered must 
terminate. If f,(x) gives a prime for every value of x from x=0 to 
x=T,—2, I shall refer to the sequence as complete. fi(3), fi(5), fi(11), 
fi(17), fi(41) are complete sequences. I have found no other complete 
sequences. 

It is possible to write functions that give primes based upon primes 
other than those that are in twin pairs. If P happens to be the last 
prime in a complete sequence given by fi(x)=7i+«(«+1), then 
fs(x) = P—x(2\/P—a—1)+2° gives a sequence of primes. For ex- 
ample, If P=1601, then a=1, and f;(x)=1601—79x+2*. For x=0 
to x=39, f3(x) gives forty distinct primes. These are the same as 
those given by fi(x) =41+2(x+1). fi(x) gives the sequence in ascend- 
ing order, and f;(x) gives the sequence in descending order. Sub- 
stitution of x= 40 to x=79 also gives primes but these are repetitions 
of those given by x=0 to x= 39. 

If P=101, a=1, and f;(x) =101—19x+2°. For x=0 to x=9, f(x) 
gives ten primes. 

If P is a prime other than one of a twin pair and other than a ter- 
minal prime in a complete sequence, it is still possible to write a func- 
tion that may give primes, but to do so requires extensive computa- 
tion or some lucky guessing, as a rule. For example, f(x) =79+3«+2 
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gives primes for x=0, 1, 2, 3, 4. f(x) =47+5x+2° gives primes for 
z= —2,—1, 0,1, 2. 

f(x) = N+-«(x+1) sometimes gives a sequence of primes when N is 
a non-prime mumber, Example 1: fi(x) = 1+ (+1) gives 3, 7, 13, 21 
(composite), 31,43, 57 (composite), 73. fo(x) = 1—x(*+1) gives— 131, 
—109,—89,—71,—55 (composite), —41,—29,—19,—11,—5. Ex- 
ample 2: fi(x)=77+x(x+1) gives 79, 83, 89, 97. 

Much interest has centered on the prime twins. However, con- 
secutive primes that differ by 4 are frequently seen (13, 17; 19, 23; 37, 
41; 43, 47; 67, 71; 79, 83; 97, 101; etc). Consecutive primes whose dif- 
ference is 6 are 23, 29; 31, 37; 47, 53; 53, 59; 61, 67; 73, 79; 83, 89 etc. 
Consecutive primes whose difference is 10 are 139, 149; 181, 191; 241 
251; 283, 293; 337, 347 etc. 

If the terminal digit of 7; is 9, then the only terms in the 7-se- 
quences are 7; and T, unless composite numbers are included in the 
sequences. Thus 29, 31, and 59, 61, for example, are isolated twin 
primes. However, any prime in such a pair may be a term in some 
other sequence. 29 and 59 are in the 17-sequence; 31 is in the 11-se- 
quence; 61 is in the 41-sequence. 


PROBLEM DEPARTMENT 


CONDUCTED BY G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty which 
will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution, or proposed problem, sent 


to the Editor should have the author’s name introducing the problem or solution 
as on the following pages. 

The editor of the department desires to serve its readers by making it interesting 
and helpful to them. Address suggestions and problems to G. H. Jamison, State 


Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solutions 
should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the solution. 

2. Give the solution to the problem which you propose if you have one 
and also the source and any known references to it. 

3. In general when several solutions are correct, the ones submitted in 
in the best form will be used. 


LATE SOLUTIONS 
2373, 82. Bro. Felix John, Philadelphia. 
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2385. Richard Williams, Jr., Marchall, Texas; Mrs. W. R. Warne, Mt. Pleasant, 
Ta. 


2384. John Sweeney, Phoenix, Ariz.; Joseph E. Gerhards, Portland, Ore.; Robert 
G. Cowley, Dunmore, Pa.; William Koellner, Hillside, N. J.; Regina Waggoner, 
Mobile, Ala.; Nellie Hicks, Seneca Falls, N. J. 


2387. Norman Kessner, Brooklyn; Mary Ertes, Yorktown, Va. 
2373, 5. Robert G. Cowley, Dunmore, Pa. 
2380. W. R. Warne, Mt. Pleasant, Ia. 
2384, 5, 8. Richard H. Bates, Milford, N. Y. 
2376. Ray Moshofsky, Beaverton, Ore. 
2384, 5,9. Lester Moskowitz, Brooklyn. 
2380, 2. V. S. Narayanan, Pudukkotiai, India. 
2384, 5, 7. James F. Gray, San Antonio. 
2379. Saroh Hicks, Austin, Pa. 
A re-study of 2371 


Richard A. Miller, University of Mississippi calls attention to incomplete 
solution of 2371. The convergence of the binomial series for «=1 is not estab- 
lished. Since so many elementary texts do not treat this case, the convergence of 
the series for x=1 is given by Mr. Miller’s as follows: 

The series to be tested is 


(1) J-— 4. 


The binomial series used was: 
1 1 1-3 1-3-5 
——$__—$_—_—- = | —— 7°-++-—_ x4 —-——_ x 
(1-+-x?)!/2 2 2-4 2-4:-6 


We offer the following independent elementary argument that the alternating 
series (1) converges. We need to establish two facts: 


(2) 


Out. 6 « 


(3) On41 <n 
(4) lim a,=0. 


To establish (3), we note that 


1-3°5 - (2n—1) 
a,= ™ 
2-4°6- 2n 
and 
2n+1 
a = a= 9 
2n+2 
and thus (3) follows. 
From 
n n+1 
< 


n+1 n+2 
we have 
a aa 2n—1 


a, =— eee — 


Zz 
2 4 6 2n > > F 2n+1 


+ 


6 2n 
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Then 


(- 4 6 2n—2 2n )(5 3.5 ~—) 1 

eS 2n—1 2nti/\2 4 6 2n J 2n+1 
2n+-1)*/2 

Thus (4) follows. 


2389. Proposed by Leon Bankoff, Los Angeles. 


AB is bisected in C, and D is any point on CB. Semicircles are described on 
the same side of diameters AC, CD, DB and AD, and a perpendicular to AB at C 
cuts semicircle AD in E. Show that the combined areas of the semicircles AC 
and CD are equal to the combined areas of the semicircle DB and the circle on 
diameter EC. 

Solution by W. J. Cherry, North Riverside, Ill. 
Denote AC by a, CD by 6, DB by a—b, and EC by /ab, since EC is a mean 
proportional between AC and CD. For the first area-combination we have 
}a($a)?+32(3b)? = hra?+ }xb?. 
For the second area-combination we have 
bx [4(a—b) P+x[ 4 ab |? = }ra?+ hb. 

Thus the required equality is established. 

Solutions were also offered by: Robert E. Fleming, Oliver, B. C.; Bro. James F. 
Gray, San Antonio; Richard H. Bates, Milford, N. Y.; C. W. Trigg, Los Angeles 
City College; Mrs. Walter R. Warne, Mt. Pleasant, Ia.; Mamie Hawkes, Lodi 
Center, N. Y.; A. R. Haynes, Tacoma, Wash.; Benjamin Greenberg, Ramaz 
School, N. Y.; Julian H. Braun, Washington, D. C.; Robert Cawley, Dunmore, 
Pa.; V. C. Bailey, Evansville, Indiana; R. L. Moenter, Midland College, Fre- 
mont, Neb.; Edgar Feldman, Brooklyn; and proposer. 

2390. Proposed by W. R. Warne, Mt. Pleasant, Iowa. 


If a, b, c are in harmonic progression then 


a b c 
b+< c+a a+b 
are also in harmonic progression. 
Solution by D. McLeod, Winnipeg 
d, b. ¢ ire 1n H P. 


1 | : 
arc in A.P. 
1 b r 
Hence 
+h+,¢ at+b+<¢ a+b+c¢ e 
, —s - arc in A.P. 
a b c 
Also 
b+< ate at+b ; 
1 » I4 » 1+ arc in A.P. 
a b c 
Then 


hb+c c+a a+b , 
—, ——, —arcin AP. 
c 








soemecr 
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and 
a b 


c . 
—— >» — arcin H.P. 


b+c cta a+b 


Solutions were also offered by: Charles H. Butler, Kalamazoo, Mich.; Mar- 
garet F. Willerding, St. Louis, Mo.; Lester Moskowitz, Brooklyn; Dr. Benjamin 
E. Birge, Syracuse, N. Y.; Leon Bankoff, Los Angeles; Clarence Warne, Cairo, 
Ill.; Harriet Rathbun, Cherry Valley, N. Y.; Richard H. Bates, Milford, N. Y.; 
C. W. Trigg, Los Angeles City College; Paul H. Renton, Deep River, Conn.; 
Bro. James F. Gray, San Antonio; A. R. Haynes, Tacoma, Wash.; Robert E. 
Fleming, Oliver, B. C.; Bro. Felix John, Philadelphia, Pa.; Benjamin Greenberg, 
Ramaz School, N. Y.; Julian H. Braun, Wash., D. C.; W. J. Cherry, N. River- 
side, Ill.; R. L. Moenter, Midland College, Fremont, Neb.; Edgar Feldman, 
Brooklyn. 


2391. Proposed by Mrs. Edith M. Warne, Mt. Pleasant, lowa. 
If 
4x=3a cos 6+4 cos 30 
and 
4y=3a sin 0—a sin 30 


show that 


Solution by Margaret F. Willerding, Harris Teachers College, St. Louis, Missouri 
Since cos 30=4 cos* @—3 cos 6, and sin 30=3 sin @—4 sin. 8 we have 
x=acos' 0 


y=a sin’ 0, 


Then 
x2/3 = q?/3 cos? 0 
y?/3 = g?/3 sin? 0. 
Adding 


2/34 2/3 = g?/3, 
Cubing both sides 


x2+-3x4/3y2 34 372 34/34 y= a 
3x2 352 3 (42/34 yr?/3) = g?— x? — y? 
9 


3.x2/By2/3 92/3 = g?— x2 — y? 


27x? y2a? = (a? — x? — y?)3, 


Solutions were also offered by: Lester Moskowitz, Brooklyn; Roby Fretwell, 
Keokuk, Ia.; Leon Bankoff, Los Angeles; Richard H. Bates, Milford, N. Y.; 
C. W. Trigg, Los Angeles City College; Paul H. Renton, Deep River, Conn.; 
Bro. James F. Gray, San Antonio; A. R. Haynes, Tacoma, Wash.; Robert E. 
Fleming, Oliver, B. C.; B. Greenberg, Ramaz School, N. Y.; Julian H. Braun, 
Washington, D. C.; V. C. Bailey, Evansville, Ind.; W. J. Cherry, North River- 
side, Ill. 


2392. Proposed by Norman Anning, Alhambra, Calif. 
For what real values of x is 
x4— 78.0001 x?+ 1521 negative? 
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Submitted by Robert E. Fleming, Oliver, B. C., Canada 
On factoring, we find that the function 


x4— 78.0001 x2+-1521 


is equal to zero for «= +6.25 and x= +6.24, and the graph of the function is 
symmetrical about the y-axis. 

The y-intercept is positive, being equal to 1521, so the function will be nega- 
tive beyond the first x-intercept on each side of the origin up to the second x- 
intercept on eat h side. 

Hence f(x) <0 for —6.25 <x <—6.24 and 6.24 <x <6.25. 

Solutions were also offered by: Lester Moskowitz, Brooklyn; V. C. Bailey, 
aged nd.; J. W. Lindsey, Amarillo, Tex.; J. H. Means, egy tog Tillotson 
College; Bro Felix John, Philadelphia, Pa.; Bro. James F. Gray, San Antonio, 
Tex.; Le eon B: inkoff, Los Angeles; Richard H. Bates, Milford, N. Y.; C. W. Trigg, 
Los Angeles City College; W. J. Cherry, North Riverside, Ill.; R. S. Moenter, 
Fremont, Nel 


2393. Proposed by Nell Osborn, Camden, N. J. 
Prove that the area of triangle ABC is 
2-+-2+4-¢2 
4(cot A+cot B+cot C) 


Solution by Bro. James F. Gray, S.M. 


In the Law of Cosines, a?=b?+c—2be Cos A, replace bc by 2S/sin A obtained 
from the Area Formula, S = $bc Sin A, to get 
1) a?=b?+-<?—4S cot A. 
Write symmetric expressions for 0? and c? and add to obtain 
(2) 4S cot A4S cot B4S cot C=a?+8?+e 
whence, 


eo hee: 
2+hP+e 


Sas : 
4(cot A+cot B+cot C) 


Solutio ere also offered by: W. J. Cherry, N. Riverside, Ill.; Maholn 


Hopkins, Vie , N. Y.; Seeley J. Warne, Toledo, Ohio; Nell Osborn, Camden, 
N. J.; Leor Ba off, Los Angeles; Paul H. Renton, Deep River, Conn.; Angelina 
Redfield, Staunton, Va.: Edgar Feldm: in, Brooklyn; Lester Moskowitz, Brook- 


lyn; Levina Rolison, Yorktown, Va.; C. W. Trigg, Los Angeles City College; 
R. L. Moenter, Midland College, Fremont, Neb. 
2394. Proposed by Leon Bankoff, Los Angeles. 
If H is the orthocenter of triangle 4 BC, show that the inradius is equal to 
AB-BC-AC 
{ B(AH+BH)+BC(BH+CH)+AC(AH+CH)- 


Solution 


Draw AJ, BK and CL, diameters of the circumcircle of triangle ABC. 
Then 


? _. BC BC 
sin A=sin { BKC=——=— 
KB 2R 
AC AC 


sin B=sin (ALC= =—— 
n sin + LC 2R 
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: ter . AB AB 
sin C=sin { AKB=——=—.- 
KB 2R 
Also 
nO An 
cos A =cos { BKC =——=— 
KB 2R 
(since KC\| AH, both being 1 BC, and since HC||KA, both being 1 AB, we have 
KC=AR8H), 
Similarly 
BH . CH 
cos B=—— and cosC=—--: 
2R 2R 
Then 
BC AC AB 
tan A=—_» tan B= , tan C= . 
AH BH CH 
Now 
sin (A+B) sin ¢ 


tan A+tan B= ae 


cos AcosB_ cos A cos B 
Substituting values above, we have 


BC AC AB-2R 


A 





J 
Or, 
BC: BH+AC:AH=AB:2R 
Also 
AC:-CH+BH:-AB=BC-2R 
AB-AH+CH:BC=AC: 2R. 
Adding, 


AC(AH+CH)+AB(BH+AH)+BC(CH+BH) 
abe AB-BC-AC 
=2R(AB+BC+AC)=4Rs =—= _——. 
r r 
Hence 
AB: BC: AC 
| <i --— . 
AB(AH+BH)+BC(BH+CH)+AC(AH+CH) 
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Solutions were also offered by: Richard H. Bates, Milford, N. Y.; C. W. Trigg, 
Los Angeles City College; A. R. Haynes, Tacoma, Wash.; W. J. Cherry, N. 
Riverside, Ill.; and proposer. 


HIGH SCHOOL HONOR ROLL 


The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted in this department. Teachers are urged to report to the Editor such 
solutions. 

Editor’s Note: For a time each high school contributor will receive a copy 
of the magazine in which the student’s name appears. 

For this issue the Honor Roll appears below. 


2392. Edgar Feldman, James Madison H.S., Brooklyn. 
2389. James Sullivan, Courtland, Calif. 

2389, 90, 1, 2, 3, 4. Geoffrey Kandall, Far Rockaway, N.Y. 
2407. Proposed by Leon Bankhead, Los Angeles. 


PROBLEMS FOR SOLUTION 
Show that for all positive values of p, g, r, and s 
(PPT VG ret VO tre OE tstl) 
pars 
cannot be less than 81. 


2408. Proposed by V. S. Narayanan, Pudukkottai, India. 

If P by any point in base AB of triangle ABC, with AP=M, PB=N, and if 
angle C is divided by CP into angles ACP=a, PCB= 8, and if angle CPB=8@, 
then 
(1) (M+ N) cot @=M cot a—WN cot 8 
(2) (M+ N) cot 0=N cot a—M cot B. 

2409. Proposed by Bro. Felix John, Philadelphia. 

Show that 10"+3-4"*?+5 is divisible by 9. 


2410. Proposed by Hugo Brandt, Chicago. 


Under whi it conditions is the following equation true for integers a, )b, c: 
aag—c)— h b — G7 =(a—b)(a—c \(b—c) > 


2411. Proposed by A. R. Haynes, Tacoma, Wasi. 


Point O is the center of the circumcircle of triangle A BC and P is the pole of 
BC. PO bisects BC in M, and cuts the circumcircle in F and produced in F’, PA 
produced cuts BC in G. 

(a) Prove that segment PM is harmonicaily divided by F and F’. 

(b) Prove AG is the (A) symmedian of triangle ABC. 


2412. Proposed by Bro. Felix John, Philadelphia. 


The sum of the numbers the sum of whose digits is ONE is 1. The sum of the 
numbers the sum of whose digits is TWO is 13 (11+2). The sum of the numbers 
the sum of w one digits is THREE is 147 (111-4-12+21+ 3). And so on. If possi- 
ble, derive a formula for the sum of all these sums. That is, what does this equal? 


Sn equals 14+13+4147+--- 
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pages. 17.5X25.5 cm. Educational Theory, 105 Gregory Hall, University of 
Illinois. Urbana, III. 





A FILM DIRECTORY 


This directory is a State-by-State and city-by-city list of sources from which 
16 mm. films can be borrowed or rented. It includes libraries which handle enter- 
tainment films and those which handle instructional films. Listed are libraries 
which have only one film and libraries which have thousands of films, The 
directory includes also commercial dealers, colleges and universities, city and 
State school systems, public libraries, industrial companies and trade associa- 
tions, labor unions, civic groups, religious institutions, and Government agencies. 

A Directory of 2660 16 mm. Film Libraries will be helpful to teachers, school 
administrators, librarians, community leaders, and others who use or may wish 
to use motion pictures in their educational and informational programs. 


A Directory oF 2660 16 mm. Firm Lrpraries. By Seerley Reid and Anita 
Carpenter. Office of Education Bulletin 1953, No. 7. 172 pages. For sale by 
the Superintendent of Documents, U. S. Government Printing Office, Wash- 
ington 25, D. C. 50 cents. 











BOOK REVIEWS 


EARTH SCIENCE: THE WorRLD WE LivE IN, by Samuel N. Namowitz, Chairman, 
Physical Science Department, Washington Irving High School, New York City, 
and Donald B. Stone, Chairman, Science Department, Mont Pleasant High 
School, Schenectady, New York. Cloth. Pages viii+438. 16X24 cm. 1953 
D. Van Nostrand Company, Inc., 250 Fourth Avenue, New York 3, N. Y, 
Price $3.96. 

This is an excellent text for the rather few students that ever get a chance at 
such a course of study. It is a brief story of the constantly changing world about 
us, that we can see, hear, and feel: the surface of the earth with its many interest- 
ing variations from level fields of grain to the rugged mountain ranges with vol- 
canic peaks and cloven rock gorges with perpendicular walls; the great oceans 
with sandy shorelines and rugged, overhanging cliffs; the atmosphere, its clouds, 
winds, thunderstorms, and the work of the Weather Bureau in aiding commerce, 
agriculture, mail transportation, and industry of all kinds; the earth as a part of 
the great universe of stars and galaxies, with special attention to the relative 
movements of sun and moon, and explanation of the changing seasons; location 
of places, navigation, and measurement of time changes are told and explained. 
The text is well illustrated with beautiful pictures and clear completely described 
diagrams. Help for both students and teacher are given by means of excellent 
questions on the text, general questions for thought and investigation, and sup- 
plementary topics for study and research. The book covers briefly material for 
a semester’s work, which every high school student should have and which all 
will thoroughly enjoy when presented by a competent teacher. 

G. W. W. 


MACHINES THAT BuiLtt AMERICA, by Roger Burlingame. Cloth. 214 pages. 
1320.5 cm. 1953. Harcourt, Brace and Company, 383 Madison Avenue, 
New York 17, N. Y. Price $3.50. 


Ever so often a book is published that you feel should be in every school 
library. This is such a book. It is by the author of Inventors Behind the Inventor. 

Machines that Built America is written in a style that can be enjoyed by junior 
high school students, but, it also contains facts that are pertinent to high school 
science and social studies classes.-This book illustrates very clearly the trait of 
ingenuity that has made America great. It is an excellent book for teaching about 
our great American heritage. 

The book also has a good explanation for the higher standard of living which 
we enjoy. “Give a man a luxury and it breeds in him a desire for something still 
more luxurious. With the Afnerican system he can have it.” (p. 199.) 

Some of the many men and machines you will find in this book are: Eli 
Whitney, James Hargreaves, Richard Arkwright, Oliver Evans, Elisha Root, 
Cyrus McCormick, Richard Lawrence, Elias Howe, Jr., Isaac Singer, John 
Boyd Dunlap, George Eastman, and Henry Ford. 

It’s a book well worth the money and should be in your school library. 

E. WAYNE Gross 
University School 
Bloomington, Indiana 


A LABORATORY MANUAL OF EXPERIMENTS IN Puysics, New Sixth Edition, by 
Leonard Rose Ingersoll, Emeritus Professor of Physics, University of Wisconsin; 
Miles Jay Martin, Editor Technical Publications, General Electric Research 
Laboratory, Schenéctady, New York; and Theodore Alton Rouse, Professor of 
Physics, Milwaukee Extension Division, University of Wisconsin. Cloth. Pages 
xi+286. 14.523 cm. 1953. McGraw-Hill Book Company, Inc., 330 West 
42nd Street, New York 36, N. Y. Price $4.00. 


There are a few books which do not need to be reviewed. All that is necessary 
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is the statement: Ingersoll and Martin have published a new edition of A Lab- 
oratory Manual of Experiments in Physics. And, improvements have been made 
in this already outstanding physics laboratory manual. 

Thirteen of the lesser used experiments have been deleted and seven new ones 
have been added. These new experiments pertain to the newer developments in 
physics. Some changes have been made in the illustrations and diagrams to 
make them more pertinent and clearer. 

For those individuals not acquainted with this physics manual, some of its 
outstanding points are as follows: (1) This is the sixth edition. It was first pub- 
lished in 1925. (2) It contains experiments to be used in introductory college 
physics courses for both the technical and nontechnical students. (3) The experi- 
ments are written so they are independent of each other, this permits flexibility 
of selection and use by the instructor. There are seventy-seven experiments, 
which is more than enough for one course. (4) The experiments are written in a 
style to avoid the “cook-book” type of laboratory work. Each experiment con- 
sists of: OBJ ECT—the reason for, and what is to be accomplished by the experi- 
ment; FOREWORD—a brief summary of the theory involved in the experiment; 
APPARATUS— materials needed for the experiment; PROCEDURE—differ- 
entiated directions for the technical and nontechnical students; QUESTIONS 
AND PROBLEMS—these are carefully selected thought questions about the 
experiments. The more difficult ones are starred. 

One of the objectives of any college physics course is for the student to develop 
skill in organization and presentation of laboratory work. This book is not the 
“fill in the blank type.’ This permits the instructor to require any type of lab- 
oratory write-up he may deem necessary. 

Dr. T. A. Rouse, an associate of the other two authors has been added to the 
authorship of this laboratory manual. 

E. WAYNE Gross 


ELEMENTARY DIFFERENTIAL EQuaTions, by Lyman M. Kells, Ph.D., Professor 
of Mathematics, U. S. Naval Academy. Fourth Edition. Cloth. Pages x+266. 
1623.5 cm. 1954. McGraw-Hill Book Company, Inc., 330 West 42nd St., 
New York 36, N. Y. Price $4.00. 


When a popular text has gone through three editions, and the fourth appears, 
the primary question is: What are the changes? In this edition the page size is 
increased, resulting in a more attractive and readable book. Material has been 
in many places revised, not merely reprinted. The arrangement of some topics 
is altered, the text has been reworded, and in general, improved (as a single 
example, one might note the footnote on page 84, which clarifies a point which 
confused some students). The problems have in many cases been changed, and 
more problems are often given. The reviewer seemed to note a tendency not to 
change many of the worded problems. A distinct improvement is the designation 
of dificult problems or those with a complicated solution. There are several new 
topics, particularly in the case of applied problems—for examples one might con- 
sider problems involving forces and velocities, and problems involving columns. 

As one might expect, the majority of the misprints (or errors) of the third edi- 
tion have been corrected; some still remain. For example, in the figure on page 98 
should not the horizontal axis be labelled T rather than X? Again, one wonders 
why “sec.” in the answer to problem 5, page 116; is there a sign error in 4b, 
page 177 and also in the answer to 3, page 117? in the statement of problem 10, 
page 51, should the last letter be x or y? Probably these are minor points. In 
general, those who have been pleased with earlier editions will wish to adopt 
this new revision, and will no doubt be happy with it; likewise those who felt 
there were better texts on the market will not find sufficient change to make them 
transfer their allegiance. 

Ceci B. READ 
University of Wichita 
Wichita, Kansas 
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INTRODUCTION TO THE THEORY OF STATISTICS, by Victor Goedicke, Associate 
Professor of Mathematics, Ohio University. Cloth. Pages xii+286. 16.5 24.5 
cm. 1953. Harper and Brothers, 49 E. 33rd St., New York 16, N. Y. Price 
$4.50. 


The author has made a reasonably satisfactory attempt to steer a middle 
course between a wholly operational treatment and one largely concerned with 
mathematical theory. A surprisingly amount of theoretical discussion is intro- 
duced, aimed at the non-mathematical student who does not have a grasp of 
calculus. Two chapters are outstanding—the first chapter through the method of 
proposing problems (whose solution is suggested by later material in the text) 
introduces the student to some of the objectives of statistics; a final chapter 
entitled ‘Statistics and Common Sense”’ points out many pitfalls for the unwary 
statistician. 

Some will feel that more is included than can be covered in a first course, but 
omissions can be made at various places. Topics such as the derivation of the nor- 
mal curve, fitting a normal curve, moments, the method of least squares, multiple 
and partial correlation are treated in more detail than is usual in an elementary 
text. On the other hand, some instructors will feel that the treatment of such 
topics as the mode, mean deviation, quartile deviation, geometric and harmonic 
mean, confidence limits, is entirely too brief. (Perhaps the author’s idea of the 
relative importance of these is indicated by his suggestion that these might be 
omitted in a briefer course.) There is no discussion of such graphic methods as 
bar charts, pictorial charts, line graphs, pictorial graphs. 

For students lacking the necessary background, there are chapters on log- 
arithms, the slide rule, and the = symbol; and on probability. 

This reviewer objects to defining a deviation of a variate as the difference be- 
tween the variate and the arithmetic mean, especially since it seems that later 
a different definition of a deviation is found; he would prefer that the sym- 
bolism distinguishes between sample and universe values; he doubts that the 
average student will agree that the two figures at the bottom of page 119 have 
equal standard deviations; he questions that the average student from other 
fields will be able to follow all the derivations (or rather, that he will even try 
to do so!); nevertheless in the reviewer’s opinion this text comes more nearly to 
giving an understanding of statistics than any elementary text he has encoun- 
tered. 

There is a reasonably adequate supply of problems; in some cases it is unfor- 
tunate that a few more were not provided in order to allow for alternate assign- 
ments in different years. 

Ceci B. READ 


SeMI-Micro QUALITATIVE ANALysIs, Revised Edition, by H. H. Barber, 
Emeritus Professor, University of Minnesota, Professor of Chemistry, Lincoln 
Memorial University; and T. Ivan Taylor, Professor of Chemistry, Columbia 
University. Cloth. Pages xi+404. 1523.5 cm. 1953. Harper and Brothers, 
49 East 33rd Street, New York 16, N. Y. Price $4.50. 

This is a revised edition of a text that was first published in 1942. The lab- 
oratory approach is different from most semi-micro qualitative analysis texts: 
first, in that the pressure bulb method for filtrations may be used instead of the 
centrifuge, and second, thioacetamide is used instead of hydrogen sulfide gas 
for the precipitation of groups two and three. However, the revised edition is so 
written that a teacher may use the centrifuge method of separation if he so de- 
sires. The feature which is highly advertised by the publishing company is the 
fact that use of smelly, poisonous hydrogen sulfide gas is avoided by the sub- 
stitution of the thioacetamide. Many people are not aware of the fact that 
hydrogen sulfide is almost equal to hydrogen cyanide in its poisonous effects. 

Unlike many qualitative analysis texts the theory is not presented as a separate 
section in the first half of the text, but it is integrated with the laboratory pro- 
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cedure. Ample practice in mathematical problems and special exercises is in- 
cluded in each chapter. The cation analysis treated in Part One (pages 3 to 276) 
is divided into the usual five groups with Magnesium being placed in group five 
rather than group four which seems to be a desirable plan. The Second Part of 
the text (pages 279 to 368) treats the analysis of some 23 anions along with gen- 
eral unknown solutions for both cations and anions. 

In their preface the authors give the general aims of a first course in qualitative 
analysis as being: ‘‘(1) to aid in classifying and systematizing information about 
the properties and chemical reactions of the more common inorganic substances. 
(2) to study the principles of chemical equilibrium and to apply them to solutions 
of electrolytes, (3) to learn the general methods of systematically separating and 
identifying inorganic substances, (4) to acquire skill and practice in using certain 
laboratory techniques.”’ The reviewer feels that the book properly implements 
the above objec tives. 

GERALD OSBORN 

Western Michigan College 

Kalamazoo, Michigan 
INORGANIC QUALITATIVE ANALYsIs, Third Edition, by Harold A. Fales, Ph.D., 

Professor of Chemistry, Rutgers University, Newark Colleges; and Frederick 

Kenny, Ph.D., Assistant Professor of Chemistry, Hunter College, New York. 

Cloth. Pages xii4-284. 13.5X21.5 cm. 1953. Appleton-Century-Crofts, Inc., 

35 West 32nd Street, New York 1, N. Y. Price $3.00. 


This is the third edition of a textbook that first appeared in 1943. Emphasis 
throughout the book is on principles. In the preface the authors state: “In the 
study of principles an attempt has been made to approach the subject from the 
experimental side and in many cases to give the student an experimental method 
which could be followed in verifying the principles considered.” The first 148 
pages is a treatment of the principles and theories that are best illustrated by 
the separation and identification of ions as given in a standard qualitative analy- 
sis scheme. A good set of problems and exercises is found at the end of each chap- 
ter. 

The remainder of the text deals with laboratory procedure. The semi-micro 
technique is used and special emphasis is placed on the estimation of the concen- 
tration of any ion found in the unknown. However, if the teacher desired to omit 
the estimation of concentrations the book is so written that this is possible. 

The analytical scheme for the cations is the classical one including some 24 
common cations. Magnesium is placed in the same group with Calcium, Barium 
and Strontium. The reviewer has generally found it more desirable to place 
Magnesium in the alkali group along with Sodium Potassium and Ammonium. 
This can be accomplished if sufficient Ammonium Chloride is added when pre- 
cipitating the Calcium, Barium, and Strontium groups. 

The reviewer feels that the wide use of the earlier editions of this text proves 
its merits. An excellent one-semester course could be taught using this book as a 
text. It could be used as the basis of a year’s course in qualitative inorganic 
analysis. 

GERALD OSBORN 


THe MAMMALS OF MINNESOTA, by Harvey L. Gunderson, Minnesota Museum of 
Natural History and James R. Beer, Division of Etomology and Economic 
Zoology, University of Minnesota. Cloth. Pages 190. 1953. The University of 
Minnesota Press, Minneapolis, Minnesota. Price $3.50. 

This book is a practical source of accurate and concise information about the 
animals of Minnesota. It is not intended as a complete listing of the life history, 
habits and taxonomy of all the mammals of the state. It is a popular presentation 
of information for general use of value in school and for those interested in the 
life of the area. 











328 SCHOOL SCIENCE AND MATHEMATICS 


The maps given tend to give a picture as if all forms are isolated in small given 
areas when many believe the particular species to be more widely distributed. In 
the preface the authors have pointed out that only those localities given on the 
maps are where the animal has been collected and not all of the areas where it is 
known or thought to exist. Small maps show distribution of some species in the 
United States. Some animals are discussed that usually are not associated with 
the state. Eighty-one different kinds of mammals are included. Keys are included 
for the classification of species. 

Detailed instructions are given for the study of mammals, with directions 
for trapping, preparing study skins, marking animals for study, how to keep 
records of specimens. These are illustrated with photographs and drawings. It is 
hoped by the authors that others will be encouraged to study and report on 
mammals of the state. 

This book should be of value to those studying mammals of any areas in addi- 
tion to those of Minnesota. The student, hunter, trapper, and vacationist should 
all find this a contribution to their enjoyment of the area. 

NELSON L. Lowry 
Arlington Heights High School 
Arlington Heights, Ill. 


PRACTICAL TAXIDERMY, by John W. Moyer, Staff Member, Chicago Natural 
History Museum. Cloth. Page 124. 1953. The Ronald Press Company, New 
York. Price $3.00. 


Here is a book that should become the property of every high school library 
as well as that of each biology teacher interested in taxidermy. 

The book provides a clear easy-to-follow description of the latest methods in 
the art of taxidermy. Detailed drawings and photographs have been employed 
to help illustrate each step in the mounting of birds, Mammals, fish and reptiles. 
The techniques as presented can be followed by those with no previous experi- 
ence in taxidermy work. 

Descriptions and procedures are given in easy to understand terminology 
that is not too difficult for the high school student. For a long time we in the 
secondary school, as well as others, have been looking for descriptions and how 
to-do-it in taxidermy. This is the answer. 

The book is written for the amateur or beginner in taxidermy, but many of 
the modern museum methods described will be of interest to the professional 
taxidermist. 

This is one of the few books on the subject that is useful in the school. It 
should fill a gap in giving us the how-to-do taxidermy projects that have been 
lacking in the school. 

NELson L. Lowry 


ELEMENTS OF BioLoGy, Revised Edition, By Smallwood, Reveley and Bailey. 
Revised by Ruth A. Dodge. Cloth. Pages vii and 746. 1953. Allyn Bacon, Inc., 
New York. Price not given. 

Here is a revised book retaining many of the characteristics of the older 
additions with many added attractions. The book is larger as to size and the 
number of pages. Large pictures and improved topography have done much to 
bring the book up-to-date. New content has been added with new chapters deal- 
ing with life processes and conservation. 

Those that have used the older book will immediately notice the many units 
that have been enlarged yet retaining many of the simple explanations that char- 
acterized the older editions. The organization follows about the same pattern as 
previous editions. 

One criteria for judging a book is to let students use the book. In this case I 
have found that many did not care to use the older book, have found this edition 
to be more interesting and supply information that was lacking. The presentation 
of questions, completion test and projects at the end of each chapter can be very 
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useful as a review and for the inexperienced teacher to follow as a means of 
creating more interest in biology 
NELSON L. Lowry 


Tue SociAL Insects, by O. W. Richards, Reader in Entomology, University of 
London. Cloth. Page 219. Philosophical Library, Inc., New York 16, New York. 
1953. 


A fascinating story of the social insects. Clear, interesting, complete descrip- 
tions of each insect described takes the reader right into the environment of the 
insect. Anyone will immediately recall having seen some of these insects as they 
are brought to life by the author. 

Much can be learned about these small but interesting organisms. They do 
have their own habits, communications, language, dances, interests, and group 
relationships. Insects have developed, rigid, complex societies. 

The many plates are clear, concise, and well selected to point out specific 
life habitats of each organism. Some illustrations are used to show certain char- 
acteristics of some insects as to structure and as to particular life patterns. 

An invaluable book for the student of entomology and for the layman inter- 
ested in life. Many people, not particularly interested in insects, should find 
this book useful in the study of the social order and, interesting but definite, 
relationships that exists between members of a group. 

NELSON L. Lowry 


ELEMENTS OF ALGEBRA, by V. B. Caris, Ohio State University. Cloth. Pages vi 
+307. Ginn and Company, New York, N. Y., 1953. Price $3.50. 


This text has been prepared for use with college students who have had only 
one year of high school algebra. It is intended to serve the needs of two groups 
of students, those who need further basic preparation before enrolling in the 
regular college courses in Mathematics and those who want additional training 
in Mathematics as an end course or as useful background for work in other areas. 

The content includes a review of first year algebra, powers and roots, quadratic 
equations in one and two unknowns, variation, logarithms, and progressions. 
Emphasis is placed upon skill in computation and on methods of reasoning. Each 
new process is carefully explained and illustrated. Tables of squares and square 
roots and a four place table of logarithms are included. An answer key provides 
the answers to the odd numbered exercises. 

While the subject matter parallels very closely that found in traditional high 
school texts in intermediate algebra, the book should interest the teacher looking 
for a text for use with college students. It has been written to and for such 
students. 

GEORGE E. HAWKINS 
La Grange, Ill. 


FUNDAMENTALS OF PuysICAL SCIENCE. Third Edition, by Konrad Krauskopf. 
Cloth. Pages xii+694. 16.523.5 cm. 1953. McGraw-Hill Book Co., 330 W. 
42nd St., New York 18, N. Y. Price $6.00. 


This book is planned for college students interested in a program of general 
education. Its content-spread is over four fields; astronomy, chemistry, geology 
and physics. However, its layout does not give those fields segregated treatment 
“Science ...is (here)... presented (not) as a parade of marvels, but as a 
method of thought that leads to understanding and control of natural processes. 
Emphasis is placed less on the specific accomplishments of science than on how 
those accomplishments were made possible. By stressing the methods of scien- 
tific reasoning rather than their results... a truer picture of the relationships 
ol science to modern life and thought . . . (is given and) a better appreciation of 
the limitations as well as the extraordinary power of the ... method (is por- 
trayed).”’ 
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This prefactory promise is explicitly honored in the five parts of its organiza- 
tion. The five divisions start with: matter and energy (this might be called 
gravitational astronomy). Next in order, structure of matter (via electricity, 
magnetism and radiation) then fundamental processes (which are mostly chemi- 
cal). The biography of earth (essentially geology) is followed by stars and gal- 
axies, the fifth and concluding part. 

The author skilfully interrelates the topics of the forty-three chapters so that 
a continuous unfoldment is projected against the historic background of those 
sciences. A remarkable total unity is thus attained, expressed in English notable 
both for clarity and precision. This readability is without recourse to “infantile” 
analogies so often employed to “get down” to non-technical readers. 

Teaching aids include: Questions, largely of the thought-provoking rather than 
the memory type, following each chapter. Suggestions for further reading are 
after each of the five parts. Fach of these forty or more references is briefly 
characterized as well as catalogued. Some 339 figures, illustrations and diagrams, 
with clearly phrased legends also merit rating as assets. A “‘part-by-part” 
bibliography of evaluated visual-aids precedes the twelve-page double-columned 
index. It is regretable that a book of this quality should totally ignore the con- 
tribution that demonstrations, laboratory and field work could make to the 
development of the ‘‘method of thought . . . and scientific reasoning’’ which the 
book so pointedly promises to emphasize. 

Even so, this is the most integrated and attractive of the many “physical 
sciences” which this reviewer has had the privilege to inspect. For college courses 
or for those desiring to refresh and bring their knowledge of these sciences up-to- 
date this volume has both generous resources and interest. 

B. CLIFFORD HENDRICKS 
Longview, Wash. 


EFFECTIVE TEACHING, A MANUAL FOR ENGINEERING INsTRUCTORS, by Fred C. 
Morris. Paper. Pages ix+86. $15.023.0 cm. 1950. McGraw-Hill Book Co., 
New York. 

Teachers of mathematics and science who have had their majors in an Arts 
and Science College are prone to be a bit allergic to suggestions on “How to 
Teach.” A part of that antipathy may be due to an over emphasis, in many 
methods’ manuals, of the philosophy of methods rather than an explicit account 
of practices gleaned from the performances of experienced teachers. 

The booklet under review is not a philosophy. It might be characterized as the 
“distilled experience” of the “Committee on Teaching Manual, American 
Society for Engineering Education.” Even though a committee product its pre- 
sentation is happily unified and made explicit by the committee’s secretary 
whose name appears as its author. 

The product is a legitimate child of its engineering ancestry. It gets down to 
particulars though not to the point of dogmatization. It proposes, ““Try what 
we suggest until your own experience provides you with something that is 
better.” 

The value of its offering is not restricted to teachers in engineering subjects. 
Its chapters on planning, organization and administration of instruction, con- 
ducting class sessions, instructional aids and educational measurements are 
quite as pertinent and stimulating to teachers of mathematics and physics as to 
those of engineering mechanics and mechanical drawing. 

A twelve reference bibliography and a chapter by chapter catalogue of films 
are helpful for the booklet’s use in group conferences. A skillful use of cartoon- 
type line drawings is another of the manual’s assets. 
B. CLIFFORD HENDRICKS 


FUNCTIONAL MATHEMATICS, by William A. Gager, University of Florida, Gaines- 
ville, Florida; Mildred H. Mahood, University of Florida; Carl N. Shuster, 
New Jersey State Teachers College, Trenton, New Jersey; Franklin W. Koka- 
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moor, l/niversity of Florida, Gainesville, Florida. Two volumes—Book I and 
Book II. Cloth. Book I—pages xiv+434; Book II pages xv+447. 16} cm. 
by 233 cm. 1953. Charles Scribners’ Sons, New York. Price $2.96 each volume. 


The authors have woven together in a very excellent manner the materials of 
arithmetic, algebra, geometry, and trigonometry. The content is concerned with 
the development of power in mathematics as well as deductive logic and proof. 
The wealth of materials provide for the individual differences of students. The 
more difficult materials are marked with asterisks for the convenience of the 
teacher. The sequence of materials is good; each new principle is carefully tied 
in with others upon which it depends. Emphasis is placed on the development 
of meaning. The materials are so presented that the student is encouraged to 
make discoveries for himself. Sufficient practice materials are provided to assure 
mastery of each new principle. 

The authors have attempted to provide the mathematics that all high school 
students need to become mathematically competent. Volume I is written for 
ninth grade students and Volume II for tenth grade students. In these volumes 
the materials of arithmetic, algebra, geometry, and trigonometry are so in- 
tegrated that each one helps to explain another. The materials presented help 
the student to solve the mathematical problems of the consumer, the producer, 
and other types of problems that he meets in everyday affairs. The following are 
some of the types of problems in the latter classification: simple and compound 
interest, installment buying, investment in building and loan associations, in- 
surance, income tax reports, taxes, graphs and statistics, measurement—direct 
and indirect, slopes of roofs and highways, areas and volumes, aerial and water 
navigation. 

The content of this series is so selected that it provides “functional”? mathe- 
matics for the student here and now as well as providing a background for col- 
lege preparation. The following illustrate the content in so far as concepts and 
principles are concerned: number, operation, per cent and percentage, measure- 
ment, functional relations, locus, and concepts of method for establishing valid- 
ity. Books I and II tie together. Book II nicely extends the work of Book I. 
Book I distinguishes between exact number and approximate number; develops 
in detail the concepts of precision, significant digits, and accuracy; and applies 
these concepts in computations. Book. II brings in two new ideas, the concept 
of possible error and the relationship between size of angle and number of sig- 
nificant digits. 

Both volumes contain an abundance of review exercises and tests. 

The covers are attractive and durable. The printed page is easy to read. 

In these books the authors have made an excellent contribution to secondary 
school mathematics. 

T. E. RINE 
Illinois State Normal University 
Normal, Illinois 


An INTRODUCTION TO SymBOLIC Logic, Second Edition, revised, by Suzanne 
Langer. Paper. Pages 368. 53 by 8 inches. Dover Publications, New York. 
Price $1.60. 


This book appeared first in 1937. At that time symbolic logic was gaining in- 
creased attention as a powerful tool of analysis and as a cognate of mathematics. 
The subject has continued to advance and to command the interest not only of 
philosophers and mathematicians but also of other scholars. It does not appear 
unlikely that Suzanne Langer’s ability to bring this abstract subject down to the 
level of the unsophisticated had much to do with this increased interest. She 
writes with a readable and simple style. Her repeated use of examples to clarify 
her points helps the reader. All that is required to read this book is the ability 
to handle simple symbols and to think clearly. It demands no special knowledge 
of mathematics. 

The author presents logic as a science of forms. The treatment begins with 
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an analysis of the simple ideas of form, content, analogy, and abstraction. From 
these attention turns to some essentials of logical structure and to the nature of 
classes; class-inclusion, implication, disjunction, and the sum and product of 
classes are discussed. There follows one chapter on the properties of a class- 
system as a deductive system. The final set of five chapters ties together, Boolean 
algebra and the calculus of the elementary propositions of Principia Mathe- 
matica. 

As the author points out, symbolic logic, like mathematics, cannot be learned 
only by reading about it. Hence each chapter has a set of exercises which require 
actual manipulation of the symbols introduced. These exercises are well chosen, 
and appear to accomplish their purpose. 

The present edition appears to be little changed from the first edition. The 
author reports bringing the reading list for further study up to date and the 
construction of ‘‘truth tables” in an appendix. That so few changes in a book in 
such a growing subject as symbolic logic were needed in a period of about fifteen 
years probably is evidence of continued satisfaction with the book. 

K. B. HENDERSON 
University of Illinois 
Urbana, Ill. 


MANUAL OF COMPARATIVE ANATOMY, Second Edition, by Osmond P. Breland, 

Ph.D. 256 pages. 1953. McGraw-Hill Book Company, Inc. Price $4.50. 

This manual is prepared to cover a year’s course in comparative anatomy. It 
is written so that any section could be omitted without interrupting the con- 
tinuity of materials presented. The book includes materials covering the follow- 
ing: Amphioxus, lamprey, dogfish, perch, Necturus, cat and the pigeon. 

The book includes very clear directions for a step by step dissection of any of 
the above with lists of labels to be included. These simple to follow instructions 
would be a great asset to the instructor because it would eliminate the necessity 
of continual questions from students as to the exact location of a particular part 
of the internal or external anatomy of the animal being studied. 

The use of bold type for all important vocabulary is indeed an asset to the 
text, and is, at the same time, a tremendous aid to the student. 

This text is written for the student and gives him the information he needs 
to allow him to progress rapidly rather than to have to resort to questioning the 
instructor for clarification of a given step in dissection or in finding particulars 
regarding the anatomy. The book is small (256 pages) but compact and com- 
plete, is attractively covered and easy to read. 

ROBERT KEMMAN 
High School 
Arlington Heights, Ill. 


A TEXTBOOK OF GENERAL Borany, Fifth Edition, by Gilbert M. Smith, Ed- 
ward M. Gilbert, George S. Bryan, Richard I. Evans and John F. Stauffer. 
606 pages. The Macmillan Company, New York. Price $6.25. 


This book, in my opinion, is a very fine book to use in a course in beginning 
botany. It does not delve into the tremendous detail that the student taking 
this course for general background rather than for any kind of specialization 
would need. 

The student majoring in botany would receive the details of phylogeny, tax- 
onomy, etc. in more specialized courses. This book, then, was written for the 
student desiring a truly General Botany course. 

The text is very well prepared and the order of presentation of material is 
superior. 

The illustrations are complete, beautifully done and very clearly labeled. 
The introduction of important terminology through the use of bold type through- 
out the text material is extremely effective, and will no doubt be appreciated by 
the students using this text. The average size and length of the book is also 
worthy of commendation. The type selected for use in this text is clear and 
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prominent and the spacing between lines, being a bit more than average, results 
in easier, less taxing reading. 
ROBERT KEMMAN 


PLANE GEOMETRY, by Virgil S. Mallory, Professor of Mathematics, State Teachers 
College, Montclair, New Jersey, and Chauncey W. Oakley, Head of Department 
of Mathematics, High School, Manasquan, New Jersey. Cloth. Pages x+-468. 
13.5 20.3 cm. 1953. Benjamin H. Sanborn & Co., Chicago. 


The authors of this text consider the two main objectives of plane geometry to 
e (1) the training of future scientists and (2) teaching students to think in- 
telligently. The text is designed to meet these objectives. 

The idea of proof is introduced gradually, the first two chapters being of an 
introductory nature. Proofs of extreme simplicity are encountered first, and 
since the emphasis is on original thinking rather than memorization, the prob- 
lems of the more difficult proofs are first met in the exercises preceding them. 
The three congruence theorems are postulated although the proofs are given in 
the appendix. Indirect proof is postponed until the chapter on inequalities by 
postulating two theorems at the beginning of the chapter on parallel lines. 

Some of the high points of the text are: an early introduction of the idea of 
locus, a fine chapter on numerical trigonometry, an abundance of exercises at 
three levels of difficulty, emphasis on algebraic treatment whenever possible 
(especially good in the chapter on proportion), and last but not least, the general 
form and clarity of the text itself. This is one text that should be truly readable 
for the high school student. 

Some might object to the extensive postulating of “basic”? theorems but the 
proofs are all given in the appendix so the teacher can use his own discretion. 
After all, there is not much to be gained by employing the older, more rigorous 
approach with a typical unselected group. 

WILLIAM STRETTON 
Lyons Township High School 
LaGrange, Illinois 


BEGINNING ALGEBRA FOR COLLEGE STUDENTS, Second Edition, by Lloyd L. 
Lowenstein, Ph.D., Head, Department of Mathematics, Kent State University, 
Kent, Ohio. Cloth. Pages xiii+279. 13.5 21.5 cm. 1953. John Wiley and Sons, 
Inc., 440 Fourth Avenue, New York 16, N. Y. Price $3.50. 


This textbook is intended for use in a beginning course in Algebra for college 
students who have never been exposed to the subject, or for those who were ex- 
posed but were not sensitive to it. Although it duplicates the content of high 
school algebra books, it is written on a mature level in order to appeal to college 
students. 

The materials presented are intended to give the student a background for a 
course in College Algebra. He should be ready to study the solution of quadratic 
equations by use of the quadratic formula. Quadratic and higher degree equa- 
tions are solved by the factoring method. 

The development of concepts is more rigorous than that of corresponding 
materials in beginning high school algebras. An example is the inclusion of the 
postulates of closure for all fundamental operations. 

Also such topics as the factoring of the sum and difference of two cubes and 
the factoring of certain fourth-degree polynomials are included. Systems of 
equations in both two and three unknowns are treated, as well as a study of 
imaginary and complex numbers. A topic not usually appearing in beginning high 
school algebra that is treated rather thoroughly by the author is decimal poly- 
nomials. The usual topics of beginning algebra are covered through the use of 
negative and fractional exponents and scientific notation. The work in linear 
and quadratic graphs is related to functional notation. 

The postulational approach is used in the development of algebraic princi- 
ples, the postulates being suggested by the students’ former experiences in 
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arithmetic. The axiomatic method of solving equations is stressed and no mention 
is made of transposing or canceling. In order to to impress students with the fact 
that the symbols of algebra stand for numbers, considerable work with numbers 
given in the exercises. 

A course as outlined in this text should prepare a student for further work in 
mathematics and, if used as a terminal course, should strengthen the student’s 
understanding of the basic principles of arithmetic and of our number system, 

REINO M. TAKALA 
Hinsdale Township High School 
Hinsdale, Illinois 


REPORT ON CONSERVATION WORKSHOPS 

The need for a condensed report on Conservation Workshops held throughout 
the country during 1952 and 1953 and those to be held in 1954, was expressed 
at the annual meeting of the National Association of Biology Teachers in Boston 
during the last week of December. A working committee of nineteen biologists, 
other scientists, and education consultants volunteered to gather information 
for such a report from all State and parochial institutions of higher learning by 
the middle of February, 1954. 

Bert Robinson of the Soil Conservation Service was named chairman of the 
Workshop Committee. A two page questionnaire entitled ‘“‘Report on Conserva- 
tion Workshops,” was prepared at the Boston meeting. Several copies of the 
questionnaire, along with copies of a suggested form letter to be used in soliciting 
institutions, have been sent to all Regional and State Chairmen of the Conserva- 
tion Project of NABT, as well as members of the Workshop Committee. The 
questionnaire is prepared in such a manner that up to three workshops may be 
reported on the same form. 

As soon as the information is obtained on workshops it will be compiled and 


approved by the Workshop Committee. The report will be reproduced in suf- 
ficient quantity for adequate distribution by the Soil Conservation Service, in 
cooperation with the Conservation Project of NABT. 


WISCONSIN DELLS TRANSFERRED TO 
UNIVERSITY OF WISCONSIN 

The transfer of ownership of a major portion of the world-famous Wisconsin 
Dells, including many miles of beautiful scenic Wisconsin River shore line, from 
the Crandall family of Wisconsin Dells to the Wisconsin Alumni Research 
Foundation for the benefit of the University of Wisconsin, was announced 
Tuesday by George I. Haight, president of the Moundation. The transaction 
involves more than 1,000 acres in the popular scenic area, visited annually by 
hundreds of thousands. 

Included in the transfer of the Upper Dells property is the Crandall Hotel 
and the Dells Boat Company, along with picturesque Stand Rock and the ad- 
jacent natural amphitheater where the Indian Ceremonials are held every night 
during the summer. Witches Gulch, Artist’s Glen, the Narrows, Hornet’s Nest, 
Devil’s Anvil, Visor Ledge, and other spectacular rock formations known to 
travelers the world over, are included. 

“Incidentally, it is not contemplated that these properties be removed from 
the property tax rolls,” Mr. Haight said. 


Air pump for home aquariums works on a thermal principle that involves no 
moving parts. It produces a stream of air and works silently, efficiently in tanks 
holding three to 30 gallons of water. When combined with special filtering equip- 
ment, the butyrate plastic device filters and aerates about 80 gallons in 24 hours. 
It works on ordinary house current. 





